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I.  INTRODUCTION 


Purpose  and  Scope 

1-01  Geotechnical  investigations  were  conducted  to  determine  and 
evaluate  the  topography,  geology,  and  groundwater  and  foundation 
conditions  of  the  Lower  Santa  Ana  River.  This  appendix  provides  a 
description  of  the  project  area;  the  geology,  faulting  and  seismicity; 
groundwater  conditions;  describes  the  geotechnical  explorations  and 
testing  performed;  presents  the  existing  foundation  conditions;  and 
parameters  used  in  the  project  design.  Recommendations  are  given  for 
foundation  treatment,  embankment  aesign,  subdrainage  systems,  disposal 
site  compatibility,  and  construction  applications. 


Location 

1-02  The  channelization  measures  for  the  Lower  Santa  Ana  River 
discussed  in  this  report  extend  approximately  23  miles  through  the 
northwestern  portion  of  Orange  County,  California.  The  project  begins 
at  Weir  Canyon  Road  and  ends  at  the  Pacific  Ocean  between  Huntington  and 
Newport  Beaches.  Localized  improvements  are  also  proposed  within  Santa 
Ana  Canyon,  immediately  below  Prado  Dam.  The  proposed  project  is  shown 
on  plate  1.  All  Lower  Santa  Ana  River  stationing  within  this  report  is 
based  upon  the  Phase  I  GDM  alignment,  as  shown  in  table  A.  The  Santa 
Ana  Canyon  stationing  will  not  be  adjusted. 


Description  of  Existing  Condition 

1-03  Channelization  of  the  Lower  Santa  Ana  River,  from  Weir  Canyon  Road 
to  the  Pacific  Ocean,  currently  consists  of  several  types.  Typical 
channel  sections  are  described  in  the  following  paragraphs.  The  reaches 
are  defined  by  the  existing  geometry  and  structures.  A  tabulation  of 
designed  and  existing  conditions  along  the  Lower  Santa  Ana  River  is 
shown  in  table  1.  Typical  existing  cross-sections  from  the  original 
construction  drawings  are  shown  on  plate  2. 
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Table  A.  Lower  Santa  Ana  River. 


Phase  I-Phase  II  Stationing 
Equation  Table 


Landmark 

Phase  I  Station 
(as  used  in  this  appendix) 

Phase  II  Station 

Weir  Canyon  Road 

1202+00 

1207+10 

Imperial  Highway 

1057+50 

1055+50 

Lakeview  Avenue 

975+50 

983+48 

Riverside  Freeway 

918+50 

926+28 

Santa  Fe  Railroad 

890+00 

897+80 

Lincoln  Avenue 

813+50 

821+50 

Ball  Road 

7H2+00 

749+30 

Katella  Avenue 

701+00 

708+92 

Orange  Freeway 

675+00 

682+45 

Santa  Ana  Freeway 

617+50 

625+40 

Garden  Grove  Freeway 

595+00 

603+17 

Santiago  Creek 

558+50 

566+00 

17th  Street 

513+50 

521+30 

Edinger  Avenue 

385+00 

392+80 

Harbor  Boulevard 

342+00 

349+90 

San  Diego  Freeway 

254+34 

262+20 

Adams  Avenue 

163+71 

171+32 

Fairview  Channel 

145+00 

150+32 

Hamilton-Victoria 

82+16 

90+40 

Pacific  Coast  Highway 

9+47 

17+20 

HEIR  CANTO)  ROAD  TO  KATELLA  AVENUE 

1 -04  From  Weir  Canyon  Road  downstream  to  a  point  about  1100  feet  south 
of  Katella  Avenue,  a  distance  of  9.5  miles,  the  existing  channel  is 
trapezoidal  in  cross  section  with  a  soft  bottom  invert  and  stone 
revetted  side  slopes  of  IV  on  2H,  extending  to  a  depth  of  9  feet  below 
invert.  It  has  a  base  width  ranging  from  300  feet  at  the  upstream  end 

to  320  feet  near  Katella  Avenue,  and  levee  heights  ranging  from  12  to 

14  feet.  Belcw  Imperial  Highway,  to  Katella  Avenue,  a  series  of  water 
retention  basins  exist  which  parallel  the  ri/er  outside  the  right 
levee.  The  water  elevation  in  these  basins  is  controlled  by  weirs  and 

is  retained  at  an  elevation  approximately  level  with  that  of  the 

adjacent  river  Invert.  Within  this  reach  there  is  one  invert  stabilizer 
and  eight  drop  structures. 
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KATELLA  AVENUE  TO  GARDHI  GROVE  FREEWAY 


1-05  Downstream  from  Katella  Avenue  to  the  Garden  Grove  Freeway,  a 
channel  reach  of  2.1  miles,  the  earth-bottom  trapezoidal  channel  has  a 
base  width  varying  between  240  to  270  feet,  a  levee  height  ranging  from 
12  to  16  feet,  and  side  slopes  changing  from  IV  on  1.5H  to  IV  on  3H. 

The  upper  500  feet  of  channel  with  the  steeper  side  slopes  has  concrete 
slope  protection,  and  the  remaining  reach  of  this  channel  has  flatter 
stone-revetted  slopes,  extending  to  a  depth  of  9  feet  below  invert. 
Within  this  reach  of  channel,  two  drop  structures,  approximately  one 
mile  apart,  were  constructed  by  the  Orange  County  Flood  Control 
District.  There  are  also  two  invert  stabilizers. 

GARDHI  GROVE  FREEWAY  TO  17TH  STREET 

1-06  For  a  distance  of  1.5  miles,  from  south  of  the  Garden  Grove 
Freeway  to  the  vicinity  of  north  of  17th  Street,  the  river  has  only 
limited  improvement.  About  half  of  the  banks  are  protected  by  pipe  and 
wire  fence,  and  the  remaining  banks  within  the  River  View  Golf  Course 
are  stabilized  by  turf.  One  drop  structure  has  been  constructed  at  the 
southern  end  of  this  reach. 

17YH  STREET  TO  ADAMS  AVENUE 

1-07  From  approximately  1200  feet  upstream  of  17th  Street  to  about 
3000  feet  downsteam  of  Adams  Avenue,  a  reach  of  7.4  miles,  the  channel 
is  well  entrenched  with  a  soft  bottom,  trapezoidal  cross  section,  and 
levee  heights  ranging  from  13  to  17  feet.  The  side  slopes,  varying  from 
IV  on  1.5H  to  IV  on  2H,  are  protected  with  reinforced  concrete,  which 
extends  8  feet  below  invert.  The  base  width  of  the  channel  varies 
significantly  within  this  reach,  ranging  from  1 80  to  230  feet.  Since 
1980,  seven  invert  stabilizers  have  been  constructed  within  this  reach. 

ADAMS  AVENUE  TO  PACIFIC  OCEAN 

1-08  Downstream  from  Adams  Avenue  for  a  distance  of  1.8  miles,  the  base 
width  of  the  soft-bottom  trapezoidal  channel  varies  from  230  to  1 60 
feet.  The  channel  height  varies  from  approximately  16  to  18  feet.  The 
side  slopes  of  the  channel  are  IV  on  1.5H  and  are  protected  with 
reinforced  concrete,  which  extends  to  4  feet  below  invert.  A  riprap  toe 
protection  continues  to  a  depth  of  7  feet  below  invert. 

1-09  From  the  above  reach  to  the  Pacific  Coast  Highway,  the  distance  is 
0.6  miles.  The  channel  base  width  is  160  feet  except  at  the  downstream 
0.2  miles  where  the  width  changes  to  180  feet  and  the  soft-bottom 
channel  changes  in  cross  section  from  trapezoidal  to  rectangular.  The 
wall  height  for  both  types  of  channel  sections  is  approximately  16  feet. 
The  vertical  channel  walls  are  constructed  with  reinforced  concrete. 

The  invert  is  concrete  paved. 


A-I-3 


1-10  The  outlet  of  the  Santa  Ana  River  is  located  south  of  the  Pacific 
Coast  Highway  in  Huntington  Beach  where  the  river  enters  the  Pacific 
Ocean.  The  outlet  consists  of  a  transition  section,  from  rectangular  to 
trapezoidal,  with  a  stone  jetty  containment.  The  700-feet  long  channel 
reach  has  a  soft  bottom  invert  with  a  base  width  that  increases  from  180 
to  316  feet,  as  the  Greenville-Banning  and  Huntington  Beach  channels 
converge  with  the  Santa  Ana  River  at  the  mouth. 

SANTA  ANA  CANTON 

1-11  This  portion  of  the  Santa  Ana  River  is  located  just  below  Prado 
Dam  in  an  area  that  has  limited  development  and  minor  floodproof 
improvements,  by  locals,  scattered  throughout  this  reach.  The 
entrenched  river  meanders  through  the  9-mile  long  canyon  with  a  base 
width  ranging  from  250  feet  at  the  drop  structure  to  approximately 
100  feet  in  the  Green  River  Golf  Course  area.  At  the  drop  structure, 
there  is  an  approximately  8  feet  change  in  elevation  of  the  river  with 
the  surrounding  terrain  being  typical  of  flood  plain  areas.  At  the 
Green  River  Golf  Course,  the  river  flows  under  the  Santa  Fe  railroad 
bridge  and  continues  on  through  the  golf  course  in  a  well  defined  path 
flowing  under  several  foot  and  golf  cart  bridges.  The  surrounding 
floodplain  area  (golf  course)  is  a  well  kept  grass  with  many  mature 
trees  and  shrubs. 


Description  of  Proposed  Improvements 

1-12  The  Lower  Santa  Ana  River  improvements  vary  according  to  the 
parameters  of  hydraulic  capacity,  right-of-way  constraints,  and 
geotechnical  conditions.  For  the  purpose  of  geotechnical  analyses, 
seven  reaches  of  the  river  have  been  identified  as  having  distinguishing 
characteristics.  The  proposed  project  is  described  in  the  following 
subparagraphs  in  terms  of  the  unique  geometric  conditions  of  each 
particular  reach.  See  plate  3  for  proposed  typical  cross  sections  of 
each  reach.  The  geotechnical  conditions  within  these  reaches  will  be 
discussed  in  subsequent  paragraphs.  A  summary  of  the  future  flow 
conditions,  including  the  design  flow  of  30,000  cfs,  is  presented  below: 


All  River  Plan  -  Future  Flow  Conditions 
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WEIR  C«YCH  ROAD  TO  IMPERIAL  HIGHWAY,  (REACH  1;  Main  Report-Sta.  1207+10 
to  1055+50;  This  Append ix-Sta.  1202+00  to  1057+50). 

1-13  Along  this  3-mile  reach  the  existing  cross-section  of  channel  will 
be  utilized  to  the  extent  practical.  Two  new  drop  structures  will  be 
constructed  between  Weir  Canyon  Road  and  Imperial  Highway  to  supplement 
the  existing  one,  with  four  stabilizers  added  between  the  drop 
structures.  Material  between  invert  structures  will  be  removed  and  the 
result  will  be  that  the  invert  level  will  be  about  5  feet  lower.  The 
new  levee  crest  will  be  about  the  same  or  up  to  4  feet  higher  than  the 
existing,  depending  on  the  location.  The  levee  slopes  will  be  revetted 
with  grouted  stone. 

1- 14  As  the  levee  height  is  increased  on  the  south  side  of  the  river 
upstream  from  Imperial  Highway,  the  levees  will  be  built  upward  and 
outward  into  the  existing  river  channel.  The  close  proximity  of  the 
Riverside  Freeway  on  the  south  side  makes  it  impractical  to  encroach 
into  the  freeway  right-of-way.  In  order  to  obtain  a  usable  channel  base 
width  of  between  290  and  300  feet  it  will  be  necessary  to  rebuild  about 

2- 1/2  miles  of  the  existing  north  levee.  The  channel  centerline  would 
be  shifted  about  20  feet  northward.  A  transition  will  bring  the  channel 
back  to  the  existing  centerline  just  upstream  of  the  Imperial  Highway 
bridge. 

IMPERIAL  HIGHWAY  TO  KATELLA  AVENUE,  (REACH  2;  Main  Report-Sta.  1055+50 
to  708+92;  This  Append ix-Sta.  1057+50  to  701+00). 

1-15  Improvements  in  this  7-mile  reach  will  consist  of  upgrading  the 
existing  trapezoidal  earth-bottom  channel.  To  provide  greater  channel 
capacity,  levee  heights  will  generally  remain  at  the  existing  height, 
but  will  be  raised  up  to  3  feet,  depending  on  location  with  respect  to 
drop  structures.  Typically,  the  channel  side  slopes  will  be  revetted 
with  grouted  stone.  Approximately  1  mile  of  channel  slopes ,  however, 
will  be  covered  with  riprap.  The  rock  toe  revetment  will  be  extended  to 
a  lower  elevation.  The  seven  existing  drop  structures  will  be 
hydraulically  redesigned.  Twelve  new  invert  stabilizers  will  be  located 
within  this  reach.  The  spreading  basins  adjacent  to  the  flood  control 
channel  will  remain.  At  bridge  crossings,  a  minor  amount  of  work  will 
be  necessary;  for  example,  access  ramps  above  and  below  the  bridges  will 
be  provided  or  restored  as  necessary.  Ramp  work  will  be  designed  by  the 
County. 

KATELLA  AVENUE  TO  SANTIAGO  CREEK,  (REACH  3;  Main  Report-Sta.  708+92  to 
566+00;  This  Append ix-Sta .  701+00  to  558+50). 

1-16  In  the  3-mile  reach  of  river  from  south  of  Katella  Avenue 
downstream  to  the  Garden  Grove  Freeway,  the  channel  will  be  trapezoidal 
with  a  soft  bottom.  The  existing  channel  base  width  narrows  from  about 
320  feet  upstream  of  Katella  Avenue  to  270  feet  downstream.  Rather  than 
widen  the  channel,  the  levee  crest  levels  will  be  raised  about  3  to 
5  feet.  The  channel  will  continue  with  about  a  270-foot  base  width  and 
an  average  16-foot  depth,  to  the  confluence  with  Santiago  Creek.  The 
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revetment  will  be  strengthened  by  the  uses  of  approximately  1  mile  of 
grouted  stone  slope  protection,  and  a  generally  larger  riprap  size. 

There  are  three  new  drop  structures  and  five  new  stabilizers  in  this 
reach . 

SANTIAGO  CREEK  TO  17TH  STREET,  (REACH  4;  Main  Report-Sta.  556+00  to 
521+30;  This  Append ix-Sta.  558+50  to  513+50). 

1-17  At  the  Santiago  Creek  confluence,  the  east  revetment  will  bend 
around  to  the  north  bank  of  the  creek  and  stop  about  200  feet  upstream. 
On  the  west  side  of  the  river,  a  grouted  stone  slope  will  continue  to  a 
transition  into  a  concrete  channel  about  700  feet  upstream  from 
17th  Street.  A  grouted  stone  drop  structure  will  be  constructed 
immediately  upstream  from  the  Santiago  Creek  confluence. 

17 TO  STREET  TO  FAIRVIEW  CHANNEL,  (REACH  5;  Main  Report-Sta.  521+30  to 
150+32;  This  Append ix-Sta.  513+50  to  145+00). 

1-18  This  7-mile  reach  of  channel  currently  has  concrete  side  slopes 
extending  about  8  feet  below  the  existing  soft  bottom  invert.  To  gain 
more  capacity,  the  recommended  plan  calls  for  conversion  to  a  paved, 
hard  bottom  channel. 

1-19  In  the  reach  from  17th  Street  down  to  about  the  San  Diego  Freeway, 
the  top  width  of  channel  would  be  about  the  same  as  the  existing  top 
width,  in  the  range  of  242  to  250  feet.  The  3lopes  and  invert  would  be 
paved.  The  channel  will  be  about  18  feet  deep. 

1-20  South  of  Edinger  Avenue,  the  river  is  no  longer  deeply 
entrenched.  The  levees  rise  to  about  12  feet  above  the  natural  ground 
line,  with  the  river  bottom  only  about  3  feet  below  the  ground  line. 

The  river  bottom  will  be  lowered  an  average  of  about  5  feet  in  order  to 
increase  channel  capacity. 

1-21  In  the  reach  from  the  San  Diego  Freeway  down  to  the  Fairview 
channel,  the  top  (and  base)  width  of  channel  would  be  about  the  same  as 
the  existing  top  width,  but  within  this  reach  the  channel  would  be 
converted  to  a  rectangular,  hard-bottom  channel. 

1-22  Near  Adams  Avenue,  the  channel  gradient  flattens  from  9  feet  per 
mile  to  about  3  feet  per  mile.  At  this  point  the  concrete  channel  will 
widen  from  250  to  365  feet,  and  the  wall  heights  will  increase  from 
about  18  to  21  feet  to  accommodate  the  slower  flow.  To  avoid  additional 
right-of-way  requirements  along  the  east  side  of  the  Greenville-Banning 
channel  near  Adams  Avenue,  the  Santa  Ana  and  Greenville-Banning  channels 
will  be  located  very  close  to  one  another.  Thirty  feet  of  clearance 
will  be  maintained  between  the  two  channels  to  provide  for  an  elevated 
access  road.  Ramps  constructed  along  the  reach  will  provide  access  into 
the  concrete  channel.  At  several  bridges,  tunnel  underpasses  will  be 
constructed  to  retain  grade-separated  crossings.  Several  bridges  will 
be  rebuilt  or  modified.  All  bridge,  tunnel  and  ramp  improvements  will 
be  designed  by  the  County. 
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FAIRVIEW  CHUM EL  TO  HAMILTON -VICTORIA  STREET,  (REACH  6;  Main  Report- 
Sta .  150+32  to  90+40;  This  Append ix-Sta.  145+00  to  82+16). 

1-23  The  Santa  Ana  River  will  transition  and  widen  to  450  feet  in  the 
area  adjacent  to  the  Greenv ill e-Banning  channel  confluence  with  the 
Fairview  channel.  The  main  channel  will  transition  from  concrete  to 
soft  bottom  with  revetted  slopes.  A  soft  bottom  (approximately  8  feet 
lower  than  the  existing)  is  required  in  this  tidal  zone  of  the  Santa  Ana 
River  for  environmental  reasons.  The  Greenv ille-Banning  channel  will 
parallel  the  Santa  Ana  River  as  a  concrete  bottom  channel. 

HAMILTON  AVENUE-VICTORIA  STREET  TO  THE  PACIFIC  OCEAN,  (REACH  7);  Main 
Report-Sta.  90+40  to  End;  This  Appendix -Sta .  82+16  to  End). 

1-24  The  Santa  Ana  River  and  Greenville-Banning  channels  will  be  merged 
into  one  common  soft  bottom  channel  just  below  the  Hamilton  Avenue- 
Victoria  Street  Bridge.  The  Santa  Ana  River  and  Greenville-Banning 
combined  channel  will  be  about  22  feet  deep  and  480  feet  wide.  The 
channel  bottom  will  be  lowered  to  10  feet.  The  revetted  channel  slopes 
will  continue  to  within  500  feet  of  the  ocean;  at  that  point,  the 
channel  walls  will  transition  to  stone  jetties  that  extend  to  the  low 
tide  line. 

SANTA  ANA  CANYON 

1-25  The  Corps  of  Engineers  will  construct  localized  improvements  in 
the  canyon  reach,  to  supplement  existing  improvements  by  others.  The 
proposed  Corps  improvement  at  the  existing  drop  structure  (below 
Hwy.  71)  will  consist  of  extending  a  23  foot  deep  steel  3heet  pile  wall 
on  both  sides.  The  sheet  piles  will  extend  45  degrees  back  from  ends  of 
the  drop  structure,  for  a  length  of  100  feet,  to  prevent  eddy  current 
erosion . 

1-26  The  proposed  Corps  improvement  at  the  Green  River  Golf  Course  area 
will  consist  of  a  levee  along  the  south  side  of  the  river  to  protect  an 
existing  mobile  home  park.  The  upstream  portion  of  the  levee  will  tie 
into  the  existing  Santa  Fe  bridge  abutment  and  the  dowstream  end  will 
tie  into  the  Riverside  Freeway  (State  Highway  91).  The  levee  will  be 
approximately  4  feet  higher  than  the  existing  ground  surface  and  the 
riprap  slope  protection  will  extends  downward  at  a  IV  on  2H  slope 
approximately  40  feet  to  provide  protection  below  the  river's  thalweg. 

MATERIAL  DISPOSAL 

1-27  During  construction  of  the  river  channel,  an  estimated  4-5  million 
cubic  yards  of  material  will  be  excavated  from  the  channel  bed.  Some  of 
the  required  excavation  will  be  used  for  channel  improvement.  The 
excess  material,  which  naturally  would  be  deposited  in  the  ocean  by 
floodflows,  may  be  placed  on  neighboring  beaches  between  Anaheim  Bay  and 
Newport  Bay  if  it  is  deemed  suitable  for  such  use.  Additional  inland 
disposal  sites  have  been  identified,  by  utilizing  existing  landfill 
operation  and  depleted  gravel  mining  sites.  The  inland  disposal  sites 
are  discussed  in  the  environmental  appendix. 
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II.  GEOLOGY 


Topography 

2-01  The  Lower  Santa  Ana  River  project  is  situated  within  the 
southeastern  (Orange  County)  part  of  the  Los  Angeles  basin  (see  fig.  1), 
a  broad  alluviated  lowland  plain  on  the  coast  of  southern  California  at 
the  north  end  of  the  Peninsular  Ranges  province.  The  physiographic 
basin  is  bounded  on  the  east  and  southeast  by  the  Santa  Ana  Mountains 
and  San  Joaquin  Hills  and  on  the  northwest  and  north  by  the  Santa  Monica 
Mountains  and  the  Elysian,  Reppetto,  Puente  and  Chino  Hills  of  the 
Transverse  Ranges  province.  Elevations  in  the  rolling  hills  to 
mountainous  terrain  that  rim  the  coastal  plain  range  from  200  feet  to 
more  than  5000  feet  above  sea  level. 

2-02  The  Santa  Ana  River  has  its  headwaters  in  the  San  Bernardino 
Mountains  and  flows  across  the  Upper  Santa  Ana  Valley  to  Prado  Dam. 
Downstream  from  Prado  Dam,  the  Santa  Ana  River  flows  through  the 
relatively  narrow  steep-sided  Santa  Ana  Canyon  for  a  distance  of 
approximately  9  miles.  The  north  side  of  the  canyon  is  bounded  by  the 
rolling  topography  of  the  Chino  Hills  (also  known  as  the  eastern  Puente 
Hills).  On  the  south  side,  the  more  rugged,  higher,  and  more 
geologically  diverse  Santa  Ana  Mountains  bound  the  canyon.  Downstream 
from  Santa  Ana  Canyon,  the  river  flows  across  the  Los  Angeles  basin, 
also  referred  to  as  the  central  plain  in  figure  2.  The  river  flows 
through  a  coastal  lowland  known  as  the  Santa  Ana  Gap  before  entering  the 
Pacific  Ocean.  The  gap  is  an  alluvial  valley  about  2-1/2  miles  wide, 
bounded  on  either  side  by  highland  areas  known  as  the  Huntington  Beach 
and  Newport  Mesas.  The  mesas  range  in  elevation  from  about  50  to 
85  feet  higher  than  adjoining  areas  in  the  gap. 


Regional  Geology 

2-03  The  Los  Angeles  basin  is  underlain  by  a  northwest  trending 
structural  depression  (see  fig.  2),  parts  of  which  have  been  the  site  of 
discontinuous  deposition  since  late  Cretaceous  time  and  of  continuous 
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subsidence  and  deposition  since  late  Tertiary  time  (Yerkes  and  others, 
1965).  The  Precambrian  to  Cretaceous  age  igneous  and  metamorphie 
basement  rocks  are  overlain,  in  the  deepest  part  of  the  basin,  by 
approximately  30,000  feet  of  chiefly  marine  sediments  ranging  in  age 
from  Cretaceous  to  Holocene  (Recent).  Locally  around  the  margins  of  the 
basin,  particularly  in  the  Santa  Ana  Mountains,  these  sediments  have 
been  stripped  away  by  erosion  to  reveal  the  complex  assemblage  of 
basement  rocks.  A  geologic  map  of  the  project  area  is  shown  on  plate  4. 

2-04  The  Los  Angeles  basin  in  late  Tertiary  time  extended  well  beyond 
its  present  day  margins.  However,  tectonic  forces  subsequently  produced 
several  smaller  depositional  basins  including  the  San  Fernando, 

San  Gabriel  and  Upper  Santa  Ana  inland  valleys.  The  rapidly  rising 
mountains  bordering  the  basin  as  well  as  changes  in  the  sea  level  began 
to  affect  the  cycle  of  erosion  and  deposition.  As  a  result,  up  to 
several  thousand  feet  of  alluvial  sediments  derived  from  the  surrounding 
highland  areas  were  deposited  in  the  ever  deepening  basins  during  the 
Pleistocene;  a  process  which  continues  even  today. 

2-05  Near  the  mouth  of  the  Santa  Ana  River,  at  the  Santa  Ana  Gap,  the 
geologic  conditions  are  further  complicated  by  deformation  and  uplift 
along  the  Newport-Inglewood  structural  zone.  As  a  result  of  this 
deformation,  early  Pleistocene  formations  are  exposed  in  mesas  on  either 
side  of  the  river.  The  gap  itself  was  created  near  the  end  of  the 
Pleistocene  when  a  major  decline  in  sea  level  occurred.  The  ancestral 
Santa  Ana  River,  in  response  to  this  changing  base  level,  eroded  a 
valley,  the  Santa  Ana  Gap,  about  200  feet  deep  across  the  elevated 
coastal  plain.  After  the  last  of  the  ice  age  glaciers  melted  and  the 
sea  level  began  to  rise,  the  river  began  to  aggrade,  depositing  coarse 
alluvium  (the  Talbert  aquifer).  As  the  rate  of  sea  level  rise  slowed, 
the  sediments  became  finer  grained.  These  relatively  impervious  silts, 
clays,  and  organic  deposits  effectively  confined  the  very  permeable 
sands  and  gravels  below.  Generally  speaking,  these  finer  grained 
deposits  are  present  from  the  Pacific  Ocean  to  just  below  the  confluence 
of  the  Santa  Ana  River  and  Santiago  Creek.  As  a  result,  the  Los  Angeles 
basin  in  Orange  County  is  hydrologically  divided  into  two  main 
subbasins  (see  fig.  3),  the  Santa  Ana  Forebay,  which  occurs  generally 
north  of  the  Santa  Ana  Freeway  and  is  characterized  by  unconfined 
groundwater  and  the  Santa  Ana  Pressure  Area,  which  lies  south  of  the 
freeway  and  is  characterized  by  confined  groundwater  (California 
Department  of  Water  Resources,  1959). 


Local  Geology 


GENERAL 

2-06  The  Los  Angeles  basin  contains  a  thick  succession  of  Late 
Cretaceous  through  Pleistocene  marine  and  nonmarine  clastic  sedimentary 
rocks  and  interbedded  volcanic  rocks  of  middle  Miocene  age.  This 
assemblage  overlies  rocks  of  the  Jurassic  to  Late  Creteceous-age 
basement  complex.  Regional  stratigraphic  studies  infer  that,  in  the 
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central  part  of  the  basin,  the  lower  parts  of  this  succession  are 
thinned  or  missing  beneath  younger  rocks;  the  Pliocene  and  Quaternary 
strata  are  as  much  as  four  times  as  thick  as  in  the  Santa  Ana  Mountains; 
and  the  entire  depositional  sequence  attains  a  maximum  thickness  of 
about  30,000  feet  (Yerkes  and  others,  1965).  The  basement  complex 
includes  the  Bedford  Canyon  Formation,  the  Santiago  Peak  Volcanics,  and 
intrusive  plutonic  rocks  of  the  southern  California  batholith. 

COASTAL  PLAIN 

2-07  The  lowest  sedimentary  rocks  overlying  the  basement  complex 
consist  of  up  to  approximately  10,000  feet  of  predominantly  sandstone 
and  conglomerate  of  Late  Cretaceous  to  early  Miocene  age.  These  rocks 
are  overlain  by  up  to  several  thousand  feet  of  middle  and  upper  Miocene 
marine  sandstones ,  siltstones ,  and  conglomerates  assigned  to  the  Topanga 
and  Puente  Formations.  Locally,  thick  sequences  of  Miocene  age 
intrusive  and  extrusive  igneous  rocks  occur  in  several  parts  of  the 
basin.  Rocks  of  Miocene  age  are  overlain  by  about  2000  feet  of 
lithologically  similar  marine  sediments  of  the  early  Pliocene  lower 
member  of  the  Fernando  Formation.  The  upper  member  of  the  Fernando 
Formation,  locally  called  the  Pico  Formation,  follows  in  stratigraphic 
sequence,  and  consists  of  up  to  5000  feet  of  Late  Pliocene  age  marine 
sediments,  similar  in  composition  to  those  of  the  lcwer  member. 
Pleistocene  marine  and  nonmarine  deposits  range  in  thickness  from  about 
200  to  2500  feet.  They  are  divided  into  the  San  Pedro  Formation  of 
early  Pleistocene  age,  unnamed  middle  Pleistocene  deposits,  and  the 
La  Habra  Formation  of  Late  Pleistocene  age.  In  the  Santa  Ana  Gap,  the 
entire  upper  Pleistocene  section,  which  ranges  in  thickness  from  0  to 
J»00  feet,  has  been  designated  the  Lakewood  Formation  by  the  California 
Department  of  Water  Resources  (1961).  Sediments  of  Holocene  (Recent) 
age  consist  of  alluvial  and  littoral  deposits  of  clay,  silt,  sand, 
gravel,  and  peat.  In  the  Santa  Ana  Gap,  the  Recent  unit  has  been 
divided  into  upper  and  lower  zones.  Fine  sand,  silt,  and  clay  of  low 
permeability  form  the  upper  zone  above  the  permeable  coarse  sands  and 
gravels  of  the  lower  zone.  These  deposits  range  in  thickness  from  0  to 
a  maximum  of  180  feet  in  the  Santa  Ana  Gap. 

SANTA  ANA  CANTON 

2-08  The  Santa  Ana  Canyon  is  approximately  9  miles  long  and  only 
0.3  miles  wide  at  the  narrowest  place,  just  below  Prado  Dam.  The 
Quaternary  alluvial  fill  in  the  canyon  has  a  nearly  uniform  thickness  of 
from  80  feet  near  the  upper  end  to  100  feet  in  the  lower  part.  The 
alluvial  deposits  are  coarsest  at  depth,  where  boulders  from  1  to  2  feet 
in  diameter  are  present.  The  deposits  are  predominantly  sandy  near  the 
surface.  The  bedrock  floor  beneath  the  streambed  alluvium  is  deeper 
above  the  head  of  the  canyon  and  below  its  mouth.  Remnants  of  alluvial 
material  deposited  by  the  Santa  Ana  River  at  elevations  now  above  the 
active  stream  channel  are  present  as  terraces  on  both  sides  of  Santa  Ana 
Canyon.  Bedrock  exposures  in  the  mountains  and  hills  which  border  the 
canyon  consist  generally  of  marine  and  nonmarine  sandstones,  siltstones, 
and  conglomerates  of  Late  Cretaceous  to  Pleistocene  age.  Rocks  of  the 
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older  basement  complex,  consisting  of  Santiago  Peak  Volcanics  and 
related  intrusive  rocks,  outcrop  near  the  upper  end  of  the  canyon  in  the 
Santa  Ana  Mountains. 

GEOLOGIC  STRUCTURE 

2-09  The  depth  to  the  basement  surface  along  the  Santa  Ana  River  is 
influenced  by  several  northwest-trending  structural  features,  the  major 
ones  being  a  doubly  plunging  synclinal  trough  underlying  the  central 
part  of  the  basin  and  an  anticlinal  feature  known  as  the  Anaheim  nose 
(see  fig.  2).  Depths  to  basement  rock  range  from  about  14,000  to 
16,000  feet  below  sea  level  in  the  Santa  Ana  Gap  area,  rising  gently  to 
an  average  subsea  depth  of  9500  feet  in  the  axial  part  of  the  Anaheim 
nose.  The  northeast  flank  of  the  anticline  slopes  down  to  an  average 
subsea  depth  of  about  12,000  feet  in  the  lower  portion  of  the  Santa  Ana 
Canyon  area.  Depths  to  basement  rock  are  much  shallower  in  the  upper 
reaches  of  the  canyon,  where  they  have  been  complicated  by  faulting. 


Faulting 


GHIERAL 

2-10  The  Lower  Santa  Ana  River,  like  most  locations  in  southern 
California,  is  surrounded  by  active  or  historically  active  faults 
capable  of  generating  earthquakes  which  could  cause  seismic  shaking 
along  the  river.  The  most  significant  of  these  faults  are  listed  in 
table  2  along  with  the  magnitudes  of  maximum  probable  and  maximum 
credible  earthquakes,  and  postulated  maximum  horizontal  accelerations  in 
rock  attenuated  to  the  nearest  limits  of  the  project.  The  maximum 
credible  earthquake  (MCE),  as  defined  by  the  U.S.  Army  Corps  of 
Engineers  (1983b),  is  the  earthquake(s)  associated  with  specific 
seismotectonic  structures,  source  areas,  or  provinces  that  would  cause 
the  most  severe  vibratory  ground  motion  or  foundation  dislocation 
capable  of  being  produced  at  the  site  under  the  currently  known  tectonic 
framework.  It  is  determined  by  judgement  based  on  all  known  regional 
and  local  geological  and  seismological  data.  The  maximum  probable 
earthquake  (MPE),  however,  is  the  earthquake  that  by  probabilistic 
determination  of  recurrence  could  occur  during  the  design  life  of  the 
project.  The  major  structural  features  within  a  100-mile  radius  of  the 
project  area  are  shown  on  plate  5.  The  Lower  Santa  Ana  River 
improvements  between  Prado  Dam  and  the  Pacific  Ocean  are  in  close 
proximity  to  or  actually  cross  three  main  separate  zones  of  faulting 
(see  pi.  4),  which  are  discussed  in  the  following  paragraphs. 

WHITTIER  FAULT  ZOBE 

2-11  At  the  upstream  end,  the  Whittier  fault  zone  lies  approximately 
1  mile  north  and  0.5  miles  south  of  the  Weir  Canyon  Road  and  Green  River 
Golf  Course  improvements,  respectively.  The  Whittier  fault  zone,  which 
consists  of  northwest  trending  sub-parallel  branching  and  en  echelon 
faults,  extends  from  Whittier  Narrows  in  Los  Angeles  County  to  Santa  Ana 
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Canyon,  a  distance  of  about  25  miles,  where  it  merges  with  the  Elsinore 
fault  zone,  and  continues  through  the  Peninsular  Ranges  to  the  Gulf  of 
California.  As  stated  previously,  lateral  and  vertical  movement  along 
the  Whittier  fault,  since  the  late  Tertiary,  is  at  least  partially 
responsible  for  the  formation  of  the  Chino  Hills.  Recent  fault 
investigations  along  the  trace  of  the  fault  have  uncovered  offsets  in 
Holocene  age  alluvium  (Dames  and  Moore,  1980).  In  addition,  both  micro 
and  macro  seismicity  in  the  area  suggest  that  the  Whittier  fault  is 
active  (Dames  and  Moore,  1980). 

2-12  North  of  the  Whittier  fault  zone  lie  two  subsidiary  west-trending 
faults,  the  Scully  Hill  and  the  Aliso  Canyon  faults  (see  pi.  4).  The 
projected  trace  of  the  Scully  Hill  fault  crosses  the  alluvial  fill  of 
the  Santa  Ana  Canyon  about  1200  feet  north  of  the  proposed  Green  River 
Golf  Course  improvements  while  the  inferred  trace  of  the  Aliso  Canyon 
fault  is  just  below  Prado  Dam  and  less  than  100  feet  south  of  the  Prado 
Dam  outlet  channel  drop  structure.  These  faults  may  be  associated  with 
either  the  Whittier  or  Elsinore  fault  zones,  but  they  do  not  appear  to 
be  direct  extensions  or  splays  of  either  (Woodward-Clyde  Consultants, 
1980).  The  activity  of  these  two  faults  is  not  known  but  apparently 
unfaulted  Quaternary-age  terrace  deposits  have  been  mapped  across  the 
Scully  Hill  fault  in  the  Horseshoe  Bend  area  of  Santa  Ana  Canyon  (Durham 
and  Yerkes,  196*0. 

EL  HODHIO-PERALTA  HILLS  FAULTS 

2-13  Approximately  7  miles  downstream  of  Weir  Canyon  Road,  near  Lincoln 
Avenue,  the  river  crosses  a  poorly  defined  zone  of  possible  concealed 
faulting,  which  might  be  a  projection  of  either  the  Peralta  Hills  or 
El  Modeno  faults.  The  Peralta  Hills  fault,  an  east-trending, 
north-dipping  thrust  fault,  has  a  mapped  surface  trace  of  more  than 
5  mile3  along  the  southern  side  of  the  Peralta  Hills.  The  El  Modeno 
fault  is  a  northwest-trending,  steeply-dipping  normal  fault  which 
extends  along  the  southwestern  flank  of  the  Santa  Ana  Mountains.  The 
fault  trace  segments  lie  separated  by  short  expanses  of  alluvial 
materials  but  may  in  fact  be  connected  into  a  continuous  and  discrete 
feature  (Ryan  and  others,  1982).  There  is  some  evidence  suggesting  that 
both  the  El  Modeno  and  Peralta  Hills  faults  may  displace  Holocene 
(Recent)  alluvium  (Morton  and  others,  1976;  Bryant  and  Fife,  1982;  Ryan 
and  others,  1982),  including  a  possible  groundwater  barrier  as  evidenced 
by  a  significant  differential  in  static  water  levels  between  key  wells 
downstream  from  well  no.  4S/9W-6P01  and  upstream  from  well  no.  4S/9W-8C01 
(3ee  pi.  6).  The  trace  of  the  northern  portion  of  the  El  Modeno  fault 
has  not  been  precisely  located.  Its  trend  may  lie  parallel  to  that  of 
the  Peralta  Hills  as  shown  on  plate  4,  or  the  fault,  as  Bryant  and  Fife 
(1982)  suggest,  may  be  truncated  by  or  pass  beneath  the  Peralta  Hills 
fault. 

■EHPGRT-IM GLEV00D  FAULT  ZONE 

2-14  The  Newport-Inglewood  fault  zone,  which  extends  from  possibly  Baja 
California  to  at  least  Santa  Monica  in  Los  Angeles  County  (a  distance  of 
approximately  150  miles),  is  the  predominant  structural/tectonic  feature 
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to  cross  the  Santa  Ana  River.  The  zone  is  approximately  4  miles  wide 
near  the  mouth  of  the  river  (Santa  Ana  Gap).  It  is  characterized  by 
northwest  trending  parallel  faults  and  folds.  Within  the  Gap 
(downstream  of  the  San  Diego  Freeway) ,  three  primary  branch  faults 
within  the  Newport-Inglewood  fault  zone  have  been  mapped  (see  pi.  4). 
These  branches  are  referred  to  as  the  South  Branch  fault,  the  North 
Branch  fault,  and  the  Bolsa-Fairview  fault.  The  location  and  extent  of 
the  numerous  individual  faults  in  the  gap  area  are  predominantly  defined 
in  the  subsurface  from  oil  well  data  and  groundwater  barriers  in  the 
older  basin  sediments.  Geologic  evidence  of  surface  faulting  within  the 
fault  zone  is  minimal.  Guptill  and  Heath  (1981)  reported  that  possible 
evidence  of  surface  faulting  on  the  North  Branch  of  the  Newport-Inglewood 
fault  zone  at  Newport  Mesa  may  be  associated  with  the  1933  Long  Beach 
earthquake.  A  study  by  Woodward-Clyde  Consultants  (1984)  demonstrated 
that  near-surface  faulting  on  the  Newport-Inglewood  North  Branch  fault 
at  Huntington  Beach  Mesa  may  be  late  Pleistocene  or  possibly  Holocene  in 
age.  No  evidence  of  surface  faulting  on  these  branches  has  been 
documented  within  the  Santa  Ana  Gap.  Despite  the  fact  that  there  is 
little  or  no  indication  of  direct  shearing  or  displacement  in  the  main 
body  of  the  Recent  sediments  extending  across  the  fault  zone,  the  zone 
is  seismically  active  as  evidenced  by  the  1933  Long  Beach  earthquake,  as 
well  as  subsequent  macroseismic  activity  (Barrows,  1974). 


Seismicity 


HISTORIC  SEISMICITY 

2-15  The  Lower  Santa  Ana  River  is  located  in  Zone  4  of  the  Seismic  Zone 
Map  of  the  Contiguous  States  (U.S.  Army  Corps  of  Engineers,  1983a),  an 
area  of  high  seismic  potential.  The  California  Institute  of  Technology's 
seismologic  data  base  for  southern  California,  Nevada,  and  Arizona 
indicates  a  total  of  592  earthquakes  with  Richter  magnitudes  equal  to  or 
greater  than  4.0  have  occurred  within  a  100-mile  radius  of  the  project 
area  between  February  1932  and  January  1987.  A  plot  of  their  epicenter 
locations,  including  magnitude  6.0  or  greater  events  since  1900,  are 
shown  on  plate  5.  The  most  significant  earthquakes  (Richter  magnitudes 
of  6.0  or  greater)  to  occur  within  a  100-mile  radius  of  the  project  area 
and  their  likely  fault  sources  are  listed  in  table  3.  Earthquakes  which 
could  cause  shaking  along  the  river  range  from  a  major  event  on  the  San 
Andreas  fault  zone  (approximately  30  miles  northeast  of  the  project  area 
at  its  closest  extent)  to  shaking  and  possible  ground  rupture  from  a 
near-field  event  on  the  Newport-Inglewood  fault  zone  at  the  lower  end  of 
the  project.  The  California  Institute  of  Technology's  55-year  computer 
record  lists  165  earthquakes  as  having  occurred  within  a  25-mile  radius 
of  the  project  area.  The  majority  (150)  of  the  events  had  Richter 
magnitudes  between  4.0  and  4.9.  Fourteen  earthquakes  had  assigned 
magnitudes  between  5.0  and  5.9,  while  the  1933  Long  Beach  event,  with  a 
Richter  magnitude  of  6.3  was  the  largest  instrumentally  recorded  event 
in  the  area.  However,  the  rate  of  seismicity  has  not  been  uniform 
throughout  this  period.  Approximately  90  percent  of  these  shocks 
occurred  during  the  first  10  years  of  the  record.  Much  of  this 
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seismicity  can  be  attributed  to  the  1933  Long  Beach  earthquake  and 
aftershock  sequence.  Between  January  1962  and  January  1987,  only  six 
events,  none  with  a  magnitude  greater  than  4.5,  occurred  locally.  The 
October  1,  1987  Whittier  Narrows  earthquake,  with  a  Richter  magnitude  of 
5.9  and  an  epicenter  location  a  minimum  of  19  miles  northwest  of  the 
Santa  Ana  River,  was  the  largest  instrumentally  recorded  earthquake  to 
occur  near  the  project  area  since  the  1933  Long  Beach  event. 

FAULT  ZONE  SEISMIC  PARAMETERS 

2-16  The  historical  record,  although  brief,  indicates  that  potentially 
damaging  earthquakes  have  occurred,  and,  given  the  developed  pattern  of 
seismic  activity,  would  be  expected  to  occur  during  the  design  life  of 
the  project.  Using  the  attenuation  curves  for  horizontal  accelerations 
in  rock  developed  by  Schnabel  and  Seed  (1973)  and  Greensfelder  (1974),  a 
maximum  credible  earthquake  of  Richter  magnitude  7.0  generated  on  the 
New port -Inglewood  fault  zone  near  the  mouth  of  the  Santa  Ana  River  would 
produce  a  maximum  rock  acceleration  of  approximately  0.7  g  at  that 
location.  However,  a  maximum  probable  earthquake  with  a  Richter 
magnitude  of  6.0  would  result  in  a  lower  maximum  rock  acceleration  of 
slightly  less  than  0.6  g  at  the  epicenter  location.  Similar  rock 
accelerations  could  be  produced  at  the  upstream  end  of  the  project  by  a 
local  maximum  credible  or  maximum  probable  event  on  the  Whittier-Elsinore 
fault  system.  Horizontal  bedrock  accelerations  resulting  from  the  recent 
(1987)  Whittier  Narrows  earthquake  were  recorded  by  instrumentation  at 
three  Corps  of  Engineers'  dams  near  the  project  area.  Peak  accelerations 
of  0.16  g  and  0.22  g  were  recorded  by  the  respective  left  abutment 
accelerometers  at  Brea  Dam,  located  5  miles  northwest  of  the  Santa  Ana 
River  and  14  miles  southeast  of  the  earthquake  epicenter,  and  at  Carbon 
Canyon  Dam,  located  9  miles  north  of  the  river  and  17  miles  southeast  of 
the  epicenter.  A  peak  acceleration  of  0.07  g  was  recorded  at  the  left 
abutment  of  the  more  distant  Prado  Dam  (28  miles  from  the  earthquake 
epicenter).  The  magnitude  5.9  earthquake  produced  an  estimated  maximum 
rock  acceleration  of  less  than  0.15  g  along  the  middle  portion  of  reach 
2  of  the  channel.  However,  no  damage  to  any  existing  structures  along 
the  Lower  Santa  Ana  River  was  reported. 

2-17  Considerable  uncertainty  exists  as  to  the  tectonic  significance  of 
the  Peralta  Hills  and  El  Modeno  faults.  Both  faults  may  be  capable  of 
producing  large-magnitude  earthquakes  (probably  in  the  Richter  magnitude 
5.5  to  6.0  range).  However,  the  Peralta  Hills  fault  could  represent 
only  a  surficial  flexural-slip  reverse  fault  which  is  related  to  the 
regional  tectonics  but  is  incapable  of  generating  a  large  magnitude 
earthquake. 

2-18  Despite  the  possibility  of  a  magnitude  8-plus  event  on  the  San 
Andreas  fault,  attenuation  of  ground  motions  would  produce  a  maximum 
acceleration  in  rock  of  only  0.25  g  at  the  upstream  limit  of  the 
project.  A  relationship  between  maximum  accelerations  on  rock  and  on 
various  soil  conditions  was  developed  by  Seed  and  others  (1976).  Given 
a  maximum  acceleration  in  rock  of  0.2  g,  the  maximum  ground  accelerations 
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developed  on  various  alluvial  deposits  would  range  from  approximately 
0.15  to  0.2  g.  However,  for  a  higher  rock  acceleration  of  0.5  g, 
acceleration  values  for  soil  would  be  more  variable,  ranging  from 
approximately  0.25  to  0.45  g.  In  most  cases,  except  when  maximum 
accelerations  in  rock  fall  below  0.1  g,  the  highest  values  for  alluvium 
are  in  stiff  soil  conditions. 

2-19  Lamar,  Merifield  and  Proctor  (1973)  have  estimated  point 
recurrence  intervals  for  both  the  southern  segment  of  the  San  Andreas 
fault  system  and  the  Whittier-Elsinore  fault  system.  For  magnitude  6 
and  7  events  on  the  Whittier-Elsinore  system,  recurrence  intervals  of 
300  and  2000  years,  respectively,  have  been  estimated.  In  contrast,  a 
magnitude  8  earthquake  on  the  San  Andreas  fault  has  a  much  shorter 
recurrence  interval,  estimated  to  be  about  200  years.  Little  information 
is  available  on  recurrence  intervals  for  the  Newport-Inglewood  fault 
zone.  Woodward-Clyde  Consultants  (1983)  estimated  a  return  period  of 
approximately  200  years  for  a  large  earthquake  (magnitude  7.0). 

POTHiTIAL  SEISMIC  HAZARDS 

2-20  In  the  historic  past,  the  1933  Long  Beach  earthquake  with  a 
Richter  magnitude  of  6.3  probably  caused  the  greatest  shaking  along  the 
Lower  Santa  Ana  River  (see  pi.  4  for  epicenter  location).  The  Long 
Beach  earthquake  resulted  in  numerous  surface  expressions  other  than 
ground  rupture.  These  included  surface  cracking  due  to  lurching  and 
settling,  landslides  and/or  rockfalls,  changes  in  water  table  elevations 
in  wells  and  structural  damage  due  to  liquefaction,  settling,  or 
lurching.  Disruption  of  the  ground  surface,  not  necessarily  along  known 
faults,  will  probably  occur  during  any  future  event  of  the  magnitude  and 
duration  of  the  Long  Beach  earthquake  (Barrows,  1974).  Cracking  of  the 
ground  might  cause  damage  to  the  project  during  any  large  magnitude 
shocks.  In  addition,  elevation  changes  resulting  from  possible 
earthquake  induced  subsidence  and  uplift  may  also  occur. 

2-21  Rapid  tectonic  subsidence  and/or  uplift  in  the  project  area  would 
most  likely  be  associated  with  a  major  seismic  event  (magnitude  greater 
than  6)  on  the  Newport-Inglewood  or  Whittier-Elsinore  fault  zones. 
Elevation  changes  resulting  from  events  with  magnitudes  less  than  6 
would  be  more  localized  and  probably  not  measurable  (Morten  and  others, 
1976).  Leveling  surveys  bracketing  the  Long  Beach  earthquake  showed 
possible  earthquake  induced  subsidence  of  as  much  as  0.4  feet  and 
apparent  uplift  of  as  much  as  0.6  feet  in  portions  of  the  southern 
coastal  plain  area  (Morton  and  others,  1976). 


Groundwater 


BASIN  DESCRIPTION 

2-22  The  Lower  Santa  Ana  River  lies  within  the  Orange  County 
groundwater  basin  (see  fig.  3)  which  includes  the  Santa  Ana  Gap  area. 
The  water-bearing  sediments  in  the  basin  consist  of  Quaternary  and  some 
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late  Tertiary  alluvial  deposits.  In  general,  at  least  three  distinct 
bodies  of  groundwater  have  been  identified  in  the  project  area  (Poland 
and  others,  1956).  They  are:  (1)  a  "semiperched"  or  shallow  zone  of 
water  of  variable  chemical  quality  that  occurs  in  the  upper  part  of  the 
Recent  alluvium;  (2)  a  zone  of  fresh  groundwater  or  deeper  zone  that 
occurs  in  the  lower  part  of  the  Recent  alluvium  as  well  as  in 
Pleistocene  and  older  units,  and  (3)  a  body  of  saline  groundwater  that 
underlies  the  fresh-water  body  and  occurs  in  sediments  of  Tertiary  age. 
The  most  important  aquifer  in  the  Recent  alluvial  deposits  are  the 
Talbert  sands  and  gravels  which  extend  from  the  lower  end  of  Santa  Ana 
Canyon  to  the  Pacific  Ocean.  The  Talbert  aquifer  has  an  average 
thickness  of  approximately  70  feet,  and  generally  occurs  above  elevation 
-200  feet  below  sea  level.  The  most  important  source  of  groundwater  in 
the  Pleistocene  age  sediments,  underlying  the  Recent  alluvium  is  the 
Main  aquifer  within  the  San  Pedro  Formation.  This  aquifer  generally 
occurs  at  elevations  between  -500  and  -200  feet  below  sea  level  and  also 
tends  to  be  continuous  across  the  basin. 

2-23  The  groundwater  basin  is  replenished  naturally  and  artificially  in 
the  area  generally  north  of  the  Santa  Ana  Freeway.  To  the  south, 
groundwater  occurs  under  artesian  pressure  in  aquifers  which  are 
interbedded  with  sediments  of  lew  permeability.  Thus  percolation  of 
surface  waters  to  the  aquifers  in  the  pressure  area  is  greatly 
restricted.  The  upper  "semiperched"  zone  is  essentially  unconfined, 
and,  according  to  Robbins  (1986),  regionally  extensive  rather  than  being 
composed  of  isolated  discontinuous  lenses.  An  evaluation  of  various 
types  of  groundwater  data,  including  gradient  directions,  elevation  of 
water  levels,  and  water  quality  suggests  an  interrelation  (i.e., 
hydraulic  continuity)  between  the  upper  shallow  zone  and  the  deeper 
aquifers  in  the  forebay  area.  The  shallow  zone  generally  occurs  above  a 
depth  of  50  feet  in  the  Recent  deposits. 

2-24  The  New port -Inglewood  fault  zone  forms  a  more  or  less  effective 
barrier  to  groundwater  movement  to  and  from  the  Pacific  Ocean  in 
sediments  underlying  the  Recent  deposits  in  the  Santa  Ana  Gap  area. 

These  formations  have  been  tilted  and  extensively  faulted  sc  that 
barriers  to  hydrologic  continuity  have  been  created  and  the  saline  ocean 
water  cannot  directly  intrude  them.  Groundwater,  however,  appears  to 
move  in  an  unrestricted  manner  within  the  Recent  sediments  across  the 
fault  zone. 

GRDOHDHATBR  LEVELS 

2-25  Groundwater  information  for  the  Lower  Santa  Ana  River  was  obtained 
from  Orange  County  Water  District  (OCWD)  groundwater  contour  maps  (OCWD, 
1987),  state  water  well  records  compiled  by  the  California  Department  of 
Water  Resources,  and  Robbins  (1986).  A  November  1986  groundwater 
contour  map  of  the  Orange  County  groundwater  basin  is  shown  in  figure  4. 
Water  well  data  available  for  the  project  were  used  to  develop 
piezooetric  groundwater  profiles  along  the  river  which  are  shown  on 
plate  6.  The  highest  and  lowest  recorded  groundwater  elevations  are 
depicted  for  key  wells  in  the  vicinity  of  the  river.  In  addition,  three 
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generalized  water  level  profiles,  two  derived  from  OCWD  November  1984 
and  November  1986  groundwater  contour  maps  and  one  derived  from  a 
November  1984  shallow  groundwater  contour  map  by  Robbins  (1986)  are 
shown.  The  upper  1984  profile  represents  the  approximate  level  of  the 
shallow  zone  while  the  lower  ">984  profile  and  the  1986  profile  are 
composites  of  water  levels  from  the  various  deeper  fresh  water  aquifers. 
In  general,  water  levels  along  the  Lower  Santa  Ana  River  tend  to  undergo 
monthly  and  seasonal  fluctuations,  primarily  in  response  to  the  seasonal 
and  cyclic  unbalance  between  groundwater  replenishment  and  draft. 
Examination  of  individual  state  well  records  indicates  that  water  table 
elevations  have  varied  considerably  since  the  1920’s.  Net  changes  range 
from  as  little  as  10  feet  to  more  than  150  feet.  Recent  though  limited 
well  data  available  for  the  project  reach  between  Adams  Avenue  and 
Lincoln  Avenue  indicate  that  in  1985  seasonal  variations  in  groundwater 
levels  of  between  4  and  15  feet  occurred.  In  general,  the  highest  water 
levels  were  measured  during  the  winter  and  spring  (February  and  May) 
while  the  lowest  water  levels  were  recorded  in  the  summer  and  fall 
(August  and  November). 

2-26  Upstream  of  the  Santa  Fe  Railroad  bridge,  and  in  Santa  Ana  Canyon, 
the  water  table  is  fairly  shallow  because  of  the  relatively  thin 
alluvial  cover.  In  the  upper  reaches  of  Santa  Ana  Canyon,  between  the 
Green  River  Golf  Course  and  the  Prado  Dam  drop  structure,  groundwater  is 
generally  present  at  an  average  depth  of  20  feet  outside  the  channel 
thalweg.  A  water  table  elevation  of  435  feet  was  established  for  the 
Prado  Dam  outlet  channel  drop  structure  area  as  a  result  of  field 
investigations  by  the  Corps  of  Engineers  in  1987.  Water  well  data 
available  for  that  reach  of  the  canyon  downstream  of  Prado  Dam  covering 
the  proposed  Green  River  Golf  Course  channel  improvements  indicate  that 
the  groundwater  table  in  1966-68  ranged  from  elevation  435  feet 
approximately  2  miles  upstream  from  the  golf  course  to  elevation 
417  feet  near  the  golf  course.  Water  levels  were  at  their  highest  (5  to 
6  feet  above  current  levels)  in  this  reach  during  1939-40,  prior  to 
construction  of  Prado  Dam,  and  only  minor  fluctuations,  up  to  a  maximum 
of  about  15  feet,  have  been  recorded  since  then.  In  the  vicinity  of 
Weir  Canyon  Road,  the  groundwater  was  at  depths  ranging  from  15  to 
18  feet  (elevation  312  feet)  in  August  1982.  In  1984,  water  levels 
recorded  in  wells  ju3t  upstream  of  Weir  Canyon  Road  near  the  Savi  Ranch 
levee,  showed  similar  depths  to  groundwater  but  with  an  average 
groundwater  table  elevation  of  320  feet.  In  November  1986,  water  levels 
ranged  from  approximately  20  feet  (elevation  240  feet)  near  Imperial 
Highway  to  approximately  35  feet  (elevation  200  feet)  near  the  Riverside 
Freeway. 

2-27  As  the  river  emerges  from  the  canyon  onto  the  coastal  plain  and 
the  depth  to  bedrock  increases,  water  levels  in  the  deep  aquifers 
decline  sharply,  to  depths  exceeding  100  feet.  Plate  6  indicates  a 
maximum  depth  to  groundwater  in  November  1986  of  about  135  feet 
(elevation  +60  feet)  near  well  4S/10W-7M01  (upstream  of  Lincoln  Avenue). 
This  rather  anomalous  steep  gradient  may  indicate  the  existence  of  a 
possible  fault  related  groundwater  barrier  (see  paragraph  2-13). 
Downstream  of  Lincoln  Avenue,  water  levels,  despite  some  extreme 
fluctuations  due  to  local  recharge  conditions  (see  November  1984  deeper 
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zone  groundwater  profile),  become  progressively  shallower  towards  the 
ocean  as  the  ground  surface  elevation  decreases.  Near  the  coast,  the 
water  table  elevation  tends  to  be  at  or  near  sea  level  (see  pi.  6), 
fluctuating  with  the  amount  of  natural  and  artificial  recharge  and 
pumping.  This  lower  reach  is  also  affected  by  the  Newport-Inglewood 
fault  zone.  Between  1977  and  1985,  there  has  been  an  overall  rise  in 
deeper  groundwater  levels  throughout  most  of  the  basin,  ranging  from 
10  feet  in  state  well  6S/10W-5B03,  between  Adams  Avenue  and  the  San 
Diego  Freeway,  to  30  feet  in  well  4S/10W-25F01 ,  near  Orangewood  Avenue. 
Information  on  water  level  trends  in  the  shallow  zone  is  not  available 
but  if  the  upper  zone  does  mimic  the  deeper  groundwater  flow  regime  as 
Robbins  (1986)  suggests,  then  similar  upward  trends  might  be  expected 
although  the  magnitude  of  such  changes  would  probably  be  much  less. 

2-28  The  "semiperched"  shallow  zone,  as  depicted  on  plate  6,  generally 
occurs  above  a  depth  of  50  feet,  and  also  becomes  progressively 
shallower  towards  the  ocean.  Downstream  of  17th  Street,  water  levels  in 
this  upper  zone  are  typically  within  25  feet  of  the  existing  channel 
ground  surface.  A  comparison  of  the  differences  in  elevation  between 
the  shallow  zone  and  deeper  zone  water  levels  by  Robbins  (1986)  reveals 
that  elevation  differences  on  the  order  of  40  to  60  feet  are  common  for 
most  of  the  basin  while  in  the  northern  portion  of  the  basin  (near  Santa 
Ana  Canyon)  and  near  the  coast,  differences  are  minor  and  the  two  zones 
in  a  sense  merge  together.  The  Orange  County  Water  District  (1981) 
monitored  the  semiperched  groundwater  zone  as  part  of  their  Green  Acres 
Project  study.  Three  observation  well3,  located  near  the  river  channel 
between  5th  Street  and  the  San  Diego  Freeway,  encountered  water  at 
depths  ranging  from  27  feet  (approximate  elevation,  48  feet)  in  the 
upstream  well  to  9  feet  (approximate  elevation,  11  feet)  in  the 
downstream  well. 

2-29  Water  levels  encountered  during  subsurface  explorations  by  the 
Corps  of  Engineers,  along  the  Lower  Santa  Ana  River  alignment  (see 
pis.  8  through  26),  generally  do  not  reflect  the  regional  groundwater 
conditions  previously  described  but  instead  are  indicative  of  a 
localized  zone  of  influent  seepage  (a  mounded  condition)  which  exists 
because  of  perennial  low  flows  in  the  channel.  However,  downstream  of 
the  San  Diego  Freeway  where  groundwater  levels  are  fairly  shallow,  there 
is  good  correlation  between  the  depths  to  water  in  subsurface  borings 
and  the  local  groundwater  conditions. 

CONSTRUCTION  CONSIDERATIONS 

2-30  A  review  of  published  groundwater  information  available  for  the 
Lower  Santa  Ana  River  project  indicates  that  the  regional  groundwater 
table  will  probably  be  encountered  during  construction  in  at  least  two 
reaohes  of  the  channel:  (1)  upstream  from  Lakeview  Avenue  (sta.  975+50) 
and  (2)  downstream  from  the  San  Diego  Freeway  (sta.  254+34).  However, 
the  localized  mound  of  si&surface  water,  generally  present  at  depths 
between  1  and  5  feet  in  the  active  river  channel,  will  be  encountered 
throughout  the  construction  reach.  Both  shallow  groundwater  and  mounded 
subsurface  water  would  require  implementation  of  a  dewatering  scheme 
prior  to  construction.  Diversion  and  control  of  the  perennial  surface 
flows  in  the  river  channel  will  also  need  to  be  addressed  during 
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construction.  In  addition,  tidal  variations  within  the  lower  reach  of 
the  project  downstream  of  Adams  Avenue  (sta.  163+71)  will  create 
additional  dewatering  requirements.  Groundwater  conditions  within  the 
project  area  will  continue  to  be  monitored  in  the  future  to  detect  any 
possible  changes  which  might  affect  channel  design  or  construction. 

SKA  WATER  INTRUSION 

2-31  The  Talbert  and  older  Pleistocene  aquifers  are  very  productive  and 
have  yielded  great  quantities  of  water  since  the  early  1900's.  By  1930, 
the  pumping  of  groundwater  had  lowered  pressure  levels  in  the  shallow 
aquifers  to  below  sea  level  and  sea  water  intrusion  began.  See  plate  7 
for  a  piezometric  profile  of  the  Talbert  aquifer  in  1963.  Since  the 
Talbert  aquifer  was  in  continuity  with  the  ocean  it  was  the  first  to 
experience  the  effects.  By  I960,  the  intrusion  had  also  begun  to  affect 
certain  water  bearing  zones  below  the  Talbert  aquifer. 

2-32  The  problem  of  sea  water  intrusion  in  the  Santa  Ana  Gap  and 
methods  to  prevent  it  were  studied  in  detail  by  the  California 
Department  of  Water  Resources  (1966).  One  of  the  suggested  plans  to 
control  intrusion  was  to  create  an  injection  ridge  along  Ellis  Avenue. 
This  plan  was  later  implemented  by  construction  of  the  Talbert  Barrier 
Project,  which  maintains  a  seaward  hydraulic  gradient  in  the  underlying 
aquifers  by  the  injection  of  potable  water  under  pressure.  The  barrier 
project,  which  consists  of  a  water  supply,  a  distribution  pipeline,  a 
series  of  closely  spaced  injection  wells,  extraction  wells,  and  numerous 
monitoring  wells,  was  completed  in  1975  and  water  was  first  injected  in 
1976.  This  plan  has  been  successful  in  reversing  the  gradient  and 
halting  the  intrusion  of  saline  water.  Plate  7  shows  a  recent 
piezometric  profile  and  contour  map  of  the  gap.  As  a  part  of  the 
injection  program,  the  Orange  County  Water  District  monitors  a  series  of 
wells,  see  plate  7,  on  a  weekly,  monthly,  and  biannual  basis.  In 
addition  to  the  piezometric  levels  in  the  aquifer,  various  water  quality 
parameters  are  measured  and  the  results  published  in  a  Talbert  Barrier 
Performance  Report. 

2-33  In  1979,  ten  shallow  soil  borings  were  drilled  by  the  Corps  of 
Engineers  with  a  hollow  stem  auger  between  Hamilton  Avenue  and  the 
Pacific  Coast  Highway  along  the  existing  Santa  Ana  River  channel.  The 
generalized  information  from  these  borings  in  addition  to  data  from 
previously  drilled  observation  wells  and  shallow  soils  investigations 
conducted  along  the  Santa  Ana  River  channel  by  various  geotechnical 
firms  are  presented  in  cross-section  on  plate  7.  The  top  of  the  Talbert 
aquifer  is  positively  identified  in  the  deeper  observation  wells  at  an 
elevation  between  -HO  and  -70  feet  below  sea  level.  Downstream  from 
well  M-10  the  top  of  the  aquifer  is  not  positively  known.  However,  it 
may  daylight  at  sea  level  near  the  Pacific  Coast  Highway.  Regardless, 
excavations  for  a  soft  bottom  channel  in  this  reach  would  not  affect  the 
quality  of  the  groundwater  because  the  Talbert  aquifer  is  already  in 
hydrologic  continuity  with  the  ocean  and  the  injection  program  upstream 
maintains  a  positive  gradient  which  would  not  allow  landward  movement  of 
degraded  water. 
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Subsidence 


2-34  Only  minimal  land  subsidence  has  been  reported  in  the  immediate 
vicinity  of  the  Lower  Santa  Ana  River  even  though  significant  amounts  of 
both  oil  and  water  have  been  extracted  from  the  subsurface.  Morton  and 
Miller  (1976)  indicate  that  the  only  measureable  subsidence  (up  to 
0.15  feet)  occurred  along  the  river  south  of  Warner  Avenue  between  the 
leveling  surveys  of  1964-65  and  1968-69-70.  However,  a  maximum  of 
5  feet  of  subsidence  due  primarily  to  petroleum  withdrawal  has  been 
estimated  for  the  period  1920  to  1972  in  the  vicinity  of  Huntington 
Beach  (Morton  and  Miller,  1976).  Very  localized  subsidence  due  to 
possible  soil  consolidation  or  oxidation  of  peat  layers  caused  by  lower 
groundwater  levels  has  also  been  reported  to  have  occurred  in  scattered 
inland  areas  from  Sunset  to  Newport  Beaches  (Leighton-Yen  and 
Associates,  1974).  Subsidence  due  to  petroleum  withdrawal  has  been 
stabilized  by  water  injection  and  little  additional  effect  due  to  soil 
consolidation  or  peat  oxidation  is  expected. 
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III.  UVESTIGATIOH 


General 

3-01  Information  on  conditions  of  the  foundation,  levee,  invert,  and 
sources  of  borrow  along  the  approximately  23  miles  of  river  alignment 
has  been  collected  from  several  sources.  Previous  investigations 
conducted  for  the  County  of  Orange  by  various  geotechnical  firms 
supplement  recent  investigations  by  the  Corps  of  Engineers.  The 
investigation  techniques  included  hollow  stem  and  bucket  auger  borings, 
and  backhoe  trenching.  Both  disturbed  bulk  samples  and  undisturbed  tube 
samples  were  obtained  for  testing.  All  test  site  excavations  were 
logged.  The  logs  of  the  Corps  of  Engineers'  investigations  are 
presented  on  sheets  immediately  following  each  plan  of  investigation 
plate.  The  logs  of  investigation  conducted  for  the  County  of  Orange  are 
presented  on  sheets  following  the  Corps  of  Engineers'  logs  and  the 
appropriate  plan  of  investigation  plate.  See  plates  8  through  27  for 
the  plans,  profiles,  and  logs  of  the  investigation.  The  investigation 
methods  and  sites  are  discussed  in  subsequent  paragraphs,  in  relation  to 
the  location  and  structural  feature  of  the  proposed  improvements.  The 
individual  locations  of  test  sites  may  be  utilized  for  the  assessment  of 
more  than  one  feature  and,  in  those  cases,  those  sites  are  mentioned 
several  times. 


Existing  Levees  and  Foundation 
PREVIOUS  mVESTIGATICB 

3-02  The  existing  levee  system  along  the  Lower  Santa  Ana  River  has  been 
the  subject  of  many  subsurface  investigations.  The  specific 
investigations  are  referenced  in  tables  H  and  5.  The  logs  of  the  levee 
investigations  by  others  (for  the  County  of  Orange)  are  reproductions 
from  the  original  reports  and  are  shown  on  plates  8  through  26. 
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RECENT  FIELD  IMVESTI GATIONS 


3-03  A  levee  foundation  and  embankment  Investigation  was  conducted  by 
the  Corps  of  Engineers,  over  a  period  of  several  years.  In  1979,  10 
hollow  stem  auger  holes  were  drilled  between  Hamilton-Victoria  Street 
and  the  Pacific  Ocean,  as  part  of  Phase  I  of  this  study.  Between  1982 
and  1985,  the  investigation  was  continued  with  additional  hollow  stem 
and  bucket  auger  holes  drilled  between  Weir  Canyon  Road  and  the  Pacific 
Ocean.  A  complete  listing  of  the  investigation,  including  locations, 
depths  and  equipment  types,  is  shown  in  table  6. 

3-04  Generally,  the  borings  were  started  on  the  levee  crest  and  were 
extended  down  into  the  foundation  materials.  Occasionally,  borings  were 
made  on  the  landside  of  the  levee  where  access  was  a  problem,  or  where  a 
new  levee  alignment  was  being  considered.  The  materials  encountered 
were  visually  logged.  Disturbed  samples  of  the  materials  were  obtained 
from  each  boring  at  intervals  of  3  feet,  or  less  if  the  material 
changed.  Representative,  undisturbed  drive  samples  were  obtained  of  the 
finer  grained  and  cohesive  materials. 

3-05  Standard  penetration  testing  was  conducted  in  each  boring  in 
accordance  with  ASTM  D  1586,  at  approximately  3-foot  intervals. 

3-06  The  logs  of  investigations  by  the  Corps  of  Engineers  are  presented 
on  plates  8  through  27. 


Drop  Structures  and  Stabilizers 
PREVIOUS  INVESTIGATION 

3-07  The  foundation  investigations  conducted  for  the  County  of  Orange, 
for  the  existing  drop  structures  and  stabilizers  are  included  within 
this  report  as  a  source  of  general  information  on  foundation 
conditions.  The  specific  investigations  are  referenced  in  table  4. 

RECENT  FIELD  INVESTIGATION 

3-08  Bucket  auger  and  backhoe  were  used  to  sample  the  representative 
materials  for  the  proposed  drop  structures  and  stabilizers. 

3-09  The  foundation  materials  encountered  were  visually  logged. 
Disturbed  samples  were  obtained  for  laboratory  testing  of  each  material 
type,  at  depth  intervals  of  3  feet  or  less.  Standard  penetration 
testing  was  conducted  in  each  boring,  at  approximately  3  foot  intervals. 
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Invert 


PREVIOUS  INVESTIGATION 

3-09  There  are  several  invert  investigations,  conducted  by  other 
agencies  that  were  considered  in  preparing  this  report.  The  previously 
conducted  levee  investigations,  which  contain  information  on  foundation 
conditions  adjacent  to  an  invert  location,  were  also  used  to  supplement 
the  Corps  of  Engineers'  investigation  of  the  invert  materials. 

RECENT  FIELD  INVESTIGATION 

3-10  The  primary  means  of  obtaining  representative  information  about 
the  invert  materials  was  a  series  of  baqkhoe  trenches  excavated  between 
1979  and  1985.  Each  trench  went  approximately  to  the  depth  of  the 
proposed  invert.  In  addition  to  the  backhoe  trenches,  several  bucket 
auger  holes  were  also  drilled  within  the  invert.  The  location  and  depth 
of  each  exploratory  hole  along  the  invert  are  included  in  table  6. 

3-11  Disturbed  representative  samples  of  the  invert  materials  were 
obtained  from  each  trench  or  hole  at  intervals  of  3  feet,  or  less  if  the 
material  changed.  Densities  were  determined  by  standard  penetration 
testing  at  approximately  3  foot  intervals  within  the  borings. 


Borrow 

3-12  The  source  of  borrow  for  the  project  will  be  both  the  required 
invert  excavation  and  existing  levees  in  the  reaches  which  are  to  be 
realigned  and  reconstructed.  As  a  result,  the  sources  of  borrow  were 
investigated  as  part  of  the  previously  discussed  levee,  foundation  and 
invert  investigations. 


Revetment 

3-13  The  design  stone  revetment  along  the  lower  Santa  Ana  River  varies 
in  gradation  and  in  thickness  as  indicated  on  both  plate  2  and 
table  1.  Most  of  the  existing  riprap  placed  prior  to  1970  was  designed 
for  a  400-pound  maximum  stone  size  (W50  of  approximately  120-pound) 
based  upon  the  Corps  criteria  set  forth  in  EB  52-15,  "Slope 
Protection".  Subsequently  placed  riprap  was  designed  for  a  750-pound 
maximum  (W50  of  approximately  200-pound)  stone,  which  was  designed  using 
EM  1110-2-1601,  "Hydraulic  Design  of  Flood  Control  Channels".  The  400- 
pound  stone  was  specified  to  be  placed  in  an  18  inch  thick  layer,  and 
the  750-pound  stone  in  a  24-inch  thick  layer.  The  levee  revetment  was 
inspected  by  Geotechnical  Branch  personnel  in  1983  and  1987,  and  the 
stone  visible  at  the  ocean  jetties  was  inspected  in  1986.  Results  of 
the  Inspections  are  discussed  in  section  V. 
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Santa  Ana  Canyon 


3-14  Subsurface  investigations  of  foundation  material  for  both  the  drop 
structure  (TH  87-1,  2  and  3)  and  the  Green  River  Golf  Course  area  (TH 
87-4,  5  and  6)  were  conducted  in  April  1987,  and  July  1987, 
respectively.  A  24-inch  bucket  auger  was  used  in  obtaining  disturbed 
samples.  Densities  were  determined  by  Standard  penetration  testing 
(SPT)  at  approximately  5-foot  intervals  during  the  first  20  feet  of 
exploration.  Location  of  the  borings  and  logs  are  shown  on  plate  27. 
Depths  of  the  borings  ranged  from  23  to  43  feet  at  the  drop  structure 
site,  and  40  to  49  feet  at  the  golf  course  site. 


Disposal  Beach 

3-15  Approximately  15  miles  of  beach,  adjacent  to  the  mouth  of  the 
river,  were  evaluated  as  possible  disposal  sites  for  the  required  invert 
excavation  materials  from  the  lower  Santa  Ana  River.  Twenty-four 
transects,  or  lines,  perpendicular  to  the  proposed  disposal  beach  were 
surface  sampled  at  every  6-foot  change  in  elevation  from  +12  to  -30  feet 
MLLW.  The  sampling  was  done  in  October  1982.  The  sample  locations  are 
shown  on  plate  28. 
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IV.  LABORATORY  TESTING 


General 

4-01  Laboratory  testing  of  all  the  materials  sampled  during 
geotechnical  investigation  were  conducted  to  determine  mechanical 
analysis,  Atterberg  limits,  and  moisture  content.  The  samples  were 
classified  in  accordance  with  the  Unified  Soil  Classification  System. 

The  logs  of  the  Corps  test  sites  are  shown  on  the  investigation  plates  8 
through  27-  Tests  of  remolded  and  undisturbed  samples  were  conducted  by 
the  South  Pacific  Division  (SPD)  Laboratory  to  determine  shear 
strengths,  permeabilities,  compaction  properties  and  consolidation 
characteristics.  The  tests  were  performed  in  accordance  with  Engineering 
Manual  EM  1110-2-1906,  "Laboratory  Soils  Testing,"  dated  30  November 
1970.  The  soil  test  results  are  contained  in  attachment  1.  Summaries 
of  the  testing  are  shown  in  tables  7  and  8. 

4-02  The  statistical  summaries  of  the  mechanical  analyses  are  presented 
in  table  9.  The  summaries  are  for  each  reach  of  the  river,  for  the 
sites  of  the  proposed  drop  structures,  and  for  the  proposed  invert 
borrow  areas.  Composite  summaries  are  typically  for  the  materials  in  a 
potential  borrow  area  materials  and  frequency  summaries  are  generally 
for  the  materials  that  are  to  remain  in  place. 


Levee  Material 

4-04  Representative  disturbed  samples  from  the  levee  embankments  were 
tested  to  determine  gradations,  Atterberg  limits,  and  moisture 
contents.  Samples  of  the  typical  material  types  were  compacted  by  both 
ASTM  methods  D  698  and  D  1557,  for  maximum  density  and  optimum  moisture 
determinations.  Representative  material  types  were  then  remolded  for  R- 
type  triaxial  and  direct  shear  strength  tests  at  densities  typical  of 
the  existing  or  proposed  embankment  conditions. 


( 


Foundation  Material 


4-04  The  foundation  samples  were  tested  to  determine  gradations, 
Atterberg  limits,  and  moisture  contents.  Disturbed  samples  of  typical 
material  types  were  compacted  in  accordance  with  both  ASTM  D  698  and 
D  1557  in  order  to  determine  maximum  density  and  optimum  moisture 
content.  Remolded  materials  were  subjected  to  R-type  triaxial  strength 
testing  at  densities  typical  of  the  existing  conditions.  Undisturbed 
samples  were  subjected  to  unconfined  strength  testing,  R-type  triaxial 
strength  testing,  and  consolidation  and  permeability  testing. 


Invert  Materials 

4-05  Disturbed  samples,  representative  of  the  invert  materials,  were 
tested  to  determine  gradations,  Atterberg  limits  and  moisture  content. 
Typical  materials  were  compacted  by  both  methods  ASTM  D  698  and  D  1557 
in  order  to  determine  maximum  density  and  optimum  moisture 
characteristics.  Representative  samples  were  remolded  to  typical 
in  situ  densities  in  order  to  determine  R-type  triaxial  strengths  and 
permeabilities. 


Revetment 

4-06  Recent  quality  compliance  testing  has  been  conducted  on  existing 
quarry  sources  in  the  project  area.  In  addition,  samples  of  the 
existing  levee  riprap  material  were  collected  for  quality  compliance 
testing.  Stone  samples  from  both  the  quarries  and  river  levees  were 
subjected  to  the  following  tests:  petrographic  and  x-ray  diffraction 
analysis,  specific  gravity  and  absorption,  wetting  and  drying, 

Los  Angeles  abrasion  and  magnesium  sulfate  soundness.  The  results  of 
petrographic  analyses  and  research  of  historic  records  were  used  to 
determine  possible  quarry  sources  for  the  levee  riprap.  See  table  10 
for  the  compliance  test  results. 


Disposal  Beach 

4-07  The  materials  from  the  proposed  disposal  beach  were  tested  by 
performing  a  mechanical  analysis  on  each  disturbed  sample.  The 
composite  average  of  all  samples  along  each  particular  range  sampling 
line  was  then  computed  to  determine  the  representative  gradation  of  that 
section  of  beach.  The  composite  averages  of  all  sampled  range  lines  are 
shown  in  table  11. 
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GEOTECHNICAL  CONDITIONS 


Heir  Canyon  Road  to  Imperial  Highway,  (Reach  1) 

5-01  The  materials  in  the  streambed  foundation  and  in  the  existing 
levees  in  reach  1  are  predominantly  well-graded,  noncohesive  sands  with 
significant  but  varying  amounts  of  silt  and  gravel.  Up  to  20  percent 
cobbles  to  6  inches  in  diameter  are  present  in  many  areas  that  were 
explored,  along  with  occasional  boulders  up  to  2  feet  in  diameter. 
Atterberg  limits  tests  conducted  on  the  samples  from  this  reach  indicate 
that  clayey  fines  are  relatively  uncommon.  However,  layers  of  sandy 
silt  up  to  6  feet  thick  were  found  at  three  locations,  though  generally 
below  the  proposed  invert  elevations.  Groundwater  was  encountered  under 
the  right  levee  adjacent  to  Yorba  Regional  Park  at  depths  ranging  from 
15  to  18  feet  in  four  test  holes.  Natural  moisture  contents  above  the 
water  table  were  mostly  between  2  and  8  percent  in  the  sandy  materials 
and  between  19  and  40  percent  in  the  silty  layers.  The  sand  and  silty 
sand  materials  are  generally  medium  dense  to  dense  as  indicated  by  SPT 
blow  counts  in  the  range  from  11  to  40.  However,  loose  layers  with  blow 
counts  less  than  10  were  commonly  encountered  during  the  exploration. 

5-02  The  active  streambed  materials  in  the  invert  are  poorly-graded, 
noncohesive  sands  with  virtually  no  fines  and  up  to  40  percent  gravel. 
Occasionally,  cobbles  and  boulders  up  to  15  inches  in  diameter  were 
encountered.  Groundwater  was  encountered  at  depths  of  5  feet  or  less. 
Densities  were  estimated  to  range  from  loose  to  medium  dense,  based  on 
visual  observations  and  ease  of  excavation. 

5-03  Based  on  water  level  data  from  the  exploration  program,  the 
ground-water  table  appears  to  maintain  a  gentle  downstream  gradient, 
from  elevation  293  feet  Just  downstream  from  Heir  Canyon  Road,  to 
elevation  267  feet  Just  upstream  from  Imperial  Highway.  This  would 
result  in  groundwater  being  at  elevations  ranging  from  0  to  10  feet 
below  the  proposed  channel  invert.  The  gradient  for  the  1986 
groundwater  (deeper  zone)  profile  shown  on  plate  6  is  much  steeper  for 
this  same  reach.  The  water  table  drops  from  elevation  293  feet  near 
well  3S/8W-30R01  to  elevation  248  feet  near  well  4S/9W-2B03.  Water 
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levels  within  this  reach  of  the  project  are  probably  influenced  to 
varying  extents  by  low  flows  within  the  channel  and  by  irrigation  and 
seepage  from  snail  pends  at  the  park,  and  therefore,  would  be  expected 
to  undergo  seasonal  or  yearly  fluctuations. 

5-04  An  inspection  of  the  existing  river  levees  between  Weir  Canyon 
Road  and  Imperial  Highway  determined  that  the  existing  stone  revetment 
generally  does  not  meet  the  original  size  and  thickness  requirements  as 
discussed  in  paragraph  3-13.  The  rock  also  tends  to  be  of  unsuitable 
quality.  Various  lithologies  are  represented  in  the  levee  riprap. 
However,  the  predominant  rock  type,  as  classified  petrographically ,  is  a 
gray,  moderately  hard  to  hard,  slightly  to  moderately  weathered, 
porphyritic  meta-andesite.  Individual  pieces  contain  numerous  rust 
stained  surfaces  and  incipient  fractures.  These  fractures,  which  are 
generally  open  but  occasionally  filled  with  quartz  or  calcite,  are 
present  in  random  orientations.  It  was  estimated  that  up  to  70  percent 
of  the  volcanic  rocks  contain  these  fractures,  which  can  part  very 
easily  under  only  light  to  moderate  hammer  blows,  and  occasionally  hand 
pressure.  Numerous  individual  pieces  were  observed  to  be  breaking  down 
along  these  planar  discontinuities  which  may  explain  the  apparent 
undersized  nature  of  the  riprap.  Only  minor  amounts  (probably  1 
percent)  of  soft,  decomposed  to  highly  weathered  rock  were  noted.  Minor 
rock  types  identified  by  field  or  laboratory  methods  include  a  mottled 
white  and  black,  slightly  weathered,  hard,  fine  to  coarse  grained 
granodiorite;  a  pink  and  gray,  hard,  slightly  weathered  micropegmatitic 
granite;  and  a  tan  to  gray,  moderately  hard,  slightly  to  moderately 
weathered,  fine  to  coarse  grained  arkosie  sandstone.  These  rock  types, 
in  contrast  to  the  meta-andesite ,  are  generally  sound,  with  only  minor 
breakdown  and  decomposition  noted.  The  levee  riprap  is  typically 
subangular  to  angular  in  shape.  Only  the  sandstone  tends  to  exhibit 
more  pronounced  subrounded  edges.  North  of  the  Imperial  Highway  bridge, 
an  overlay  of  fresher,  larger,  more  durable  andesite  rock  was  apparently 
placed.  The  rock  in  reach  1  is  generally  poorly  graded  and  ranges  in 
size  from  2  to  8  inches,  with  a  random  maximum  rock  size  of  from  1  to 
2  feet.  Significant  breakdown  in  localized  areas  on  the  grade  has 
resulted  in  patches  of  1-  to  2-inch  diameter  rock.  It  appears  that  the 
stone  revetment  was  probably  obtained  from  local  sources  in  the 
Corona-Riverside  area.  The  meta-andesite  rock  appears  to  be  diagnostic 
of  material  from  the  Harlow  Quarry  near  Corona  while  the  Riverside 
quarries  may  be  possible  sources  for  the  granodiorite.  The  granite  may 
have  been  obtained  from  the  Magnolia  Quarry  near  Corona.  The  sandstone 
is  not  indicative  of  a  known  quarry  source  but  might  represent  material 
obtained  from  the  local  streambed. 


Imperial  Highway  to  Kate 11a  Avenue,  (Reach  2) 

5-05  In  reach  2,  the  materials  along  the  left  bank,  invert  and  right 
bank  are  significantly  different.  The  differences  are  due  to  the 
various  methods  utilizied  to  place  the  materials  in  their  present 
position. 
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5-06  The  left  bank  is  largely  composed  of  natural  alluvial  deposits 
laid  down  over  a  period  of  time  when  the  river  channel  meandered  through 
the  area.  Its  stratifications,  therefore,  include  a  variety  of 
materials  ranging  from  clays  to  sandy  gravels,  distributed  somewhat 
randomly  with  depth.  The  majority  of  the  materials  are  noncohesive 
sands  with  varying  amounts  of  silt  and  gravel.  Both  well-graded  and 
poorly-graded  layers  are  common,  as  are  cobbles  in  the  3  to  6  inches 
range.  Occasionally,  larger  boulder  size  rocks  were  encountered.  Fine 
grained  clays,  silts,  and  clayey  or  silty  sands  occur  at  various  depths 
in  layers  up  to  11  feet  thick  throughout  the  reach.  Subsurface  water, 
primarily  the  result  of  a  mounded  condition  due  to  low  flows  in  the 
channel,  was  encountered  at  depths  ranging  from  16  to  29  feet  in  about 
half  of  the  test  holes.  Subsurface  water  was  not  observed  in  other  test 
holes  drilled  to  depths  ranging  from  35  to  40  feet  in  this  reach.  The 
natural  water  contents  above  the  water  levels  ranged  from  1  to 
19  percent  in  the  granular  materials,  and  from  6  to  34  percent  in  the 
fine-grained  clays  and  silts.  Most  of  the  materials  are  medium  dense  to 
dense,  as  characterized  by  SPT  blow  counts  in  the  range  from  11  to  50. 
However,  significant  numbers  of  loose  layers  are  indicated  by  blow 
counts  between  4  and  10,  mostly  in  relatively  clean  sandy  materials  with 
few  fines.  The  widely  varying  densities  of  these  naturally  occuring 
alluvial  materials  reflect  the  depositional  environment  and  energy  level 
present  at  the  time  of  their  formation.  Because  the  historic  floodplain 
in  this  area  is  relatively  wide  and  level,  layers  of  soft  or  loose 
materials  are  assumed  to  extend  over  significant  areas  instead  of 
occuring  in  isolated  pockets.  Stability  analysis  (described  later)  of 
critical  levee  sections  reflects  the  occurence  of  these  weak  layers  in 
the  foundation  and  levees. 

5-07  The  right  bank  of  the  river  in  this  reach  is  a  combination  of 
natural  alluvial  deposits  and  a  built-up  levee  section  which  separates 
the  main  channel  from  a  parallel  series  of  groundwater  recharge  basins. 
Nearly  all  of  the  materials  in  the  upper  portions  of  the  right  bank  and 
levee  are  noncohesive  sands  with  varying  amounts  of  silt  and  gravel. 
Cobbles  up  to  4  inches  are  common,  along  with  occasional  larger  cobbles 
and  boulders.  Clayey  and  silty  materials,  in  layers  3  to  1 1  feet  thick, 
are  commonly  encountered,  but  only  from  depths  of  15  to  30  feet  below 
the  top  of  the  levee.  However,  just  downstream  from  Imperial  Highway,  a 
layer  of  hard  sandy  clay  is  located  at  a  depth  of  9  feet  below  the  top 
of  the  levee.  Blow  counts  in  the  range  from  13  to  60  indicate  that  the 
most  of  the  materials  along  the  right  bank  are  medium  dense  to  very 
dense.  Relatively  few  low  SPT  blow  counts  Indicating  loose  material 
were  recorded,  and  these  were  nearly  all  in  noncohesive  sands  below  a 
depth  of  20  feet.  The  foregoing  gradation  and  density  data  verify  that 
the  upper  portions  of  the  right  levee  are  predominately  compacted  fill 
materials,  likely  obtained  from  streambed  excavation,  and  the  lower 
sections  are  composed  of  both  compacted  fill  and  natural  alluvial 
materials.  Subsurface  water,  primarily  related  to  low  flows  in  the 
channel,  was  encountered  in  12  of  the  20  test  holes  drilled  in  this 
reach,  at  depths  ranging  from  15  to  22  feet  below  the  top  of  the  levee. 
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The  test  holes  in  which  subsurface  water  was  not  observed  were  drilled 
to  depths  of  34  to  43  feet.  The  water  levels  under  the  right  levee 
would  be  expected  to  vary  seasonally  in  general  response  to  the  presence 
and  depth  of  water  in  the  adjacent  groundwater  recharge  basin.  Natural 
water  contents  above  the  water  levels  were  found  to  range  from  3  to 
16  percent  in  the  sandy  materials  and  from  13  to  37  percent  in  the  silty 
and  clayey  materials. 

5-08  The  active  streambed  materials  are  predominately  clean, 
noncohesive  poorly-graded  sands  and  gravelly  sands,  with  occasional  thin 
layers  of  silty  sand  or  fine-grained  silt  or  clay.  Relatively  few 
cobbles  and  boulders  were  encountered  during  exploration.  Subsurface 
water  was  at  a  depth  of  1.5  to  14  feet  below  the  surface  in  three  of  the 
test  holes  in  the  streambed,  and  was  not  observed  in  five  other  test 
holes  drilled  to  depths  from  7  to  17  feet.  The  unconsolidated  invert 
materials  are  very  loose  near  the  surface  and  medium  dense  below  the 
active  streambed  depth,  with  SPT  blow  counts  ranging  from  3  to  16. 

5-09  A  comparison  of  water  level  data  from  the  published  literature  and 
the  field  exploration  program  indicates  that  within  the  reach  one  mile 
downstream  from  Imperial  Highway,  water  levels  observed  in  the  test 
holes  and  test  trenches  probably  reflect  the  regional  groundwater  table. 
Downstream  from  that  reach,  subsurface  water  levels  are  probably 
indicative  of  a  more  localized  perched  water  table  associated  with  a 
mounded  condition  due  to  low  flows  in  the  active  channel  and  the 
adjacent  groundwater  recharge  basins.  Composite  water  levels  in  the 
deeper  zone  of  fresh  water  aquifers  drop  very  rapidly  in  this  lower 
reach  (see  pi.  6),  to  depths  well  below  the  proposed  channel  invert. 
Information  on  the  shallow  3emi-perched  zone  within  this  reach  of  the 
project  was  not  available  but  water  levels  in  this  zone  would  probably 
also  be  below  the  influence  of  construction  activities.  Subsurface 
water  was  encountered  during  the  field  exploration  program  at  elevations 
ranging  from  2  feet  above  to  15  feet  below  the  proposed  channel  invert. 

5-10  An  inspection  of  the  existing  river  levees  between  Imperial 
Highway  and  Katella  Avenue  determined  that  the  condition  of  the  stone 
revetment  is  similar  to  that  in  reach  1  because  of  breakdown  along 
fracture  planes  in  the  volcanic  rock.  Two  major  rock  types  were  noted 
during  the  field  inspection,  the  volcanic  andesite  characteristic  of 
reach  1  and  a  dark  gray,  fine  to  medium  grained,  moderately  hard  to 
hard,  slightly  to  moderately  weathered,  undifferentiated  granitic  rock. 
The  petrographic  analyses  distinguished  two  volcanic  and  three  granitic 
rock  types.  The  volcanic  lithologies  were  composed  of  the  meta-andesite 
and  an  associated  meta-dacite.  The  granitic  rocks  consisted  of  diorite, 
granodiorite  and  gabbro/meta-gabbro.  The  amount  of  incipient  fracturing 
observed  in  the  volcanic  rock  varied  from  approximately  50  percent  near 
Lakeview  Avenue  and  the  Riverside  Freeway,  to  60  to  70  percent 
downstream  near  Ball  Road.  Less  fracturing  and  rust  staining,  but  more 
decomposition  was  noted  in  the  granitic  rocks.  The  amount  of  soft, 
highly  weathered  to  decomposed  rock  ranged  from  less  than  5  to 
15  percent.  The  rock  is  predominantly  subangular  to  angular  in  shape, 
although  localized  decomposition  has  resulted  in  more  subrounded  rock 
surfaces.  Rock  sizes  at  the  different  sampling  sites  were  more  variable. 
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Larger  well  graded  rock  (generally  ranging  from  3  to  12  inches)  was 
common  near  Lakeview  Avenue  and  Glassell  Street.  Poorly  graded  rock 
near  the  Riverside  Freeway  and  Ball  Road  generally  ranged  from  2  to 
8  inches  in  diameter,  while  poorly  graded  rock,  usually  between  2  and 
6  inches  in  diameter  (with  scattered  areas  of  1-  to  2-inch  rock)  was 
noted  near  Lincoln  Avenue.  A  random  maximum  rock  size  of  2  feet  was 
common  throughout  reach  2  except  near  Lincoln  Avenue,  where  a  random 
maximum  size  of  only  8  to  10  inches  was  observed.  Local  quarries  in  the 
Corona-Riverside  area  again  appear  to  be  the  most  likely  sources  for  the 
stone  revetment.  The  volcanic  rocks  were  probably  obtained  from  the 
Harlow  Quarry  while  the  Corona  Pacific  Quarry  and  the  Riverside  quarries 
may  have  supplied  the  granitic  rock  types. 


Katella  Avenue  to  Santiago  Creek,  (Reach  3) 

5-11  The  condition  of  the  foundation  and  levee  materials  in  reach  3  are 
controlled  by  the  existing  fine-grained  materials  more  30  than  in  the 
upstream  reaches.  Silts,  clays,  and  silty  and  clayey  sands  are  the 
predominant  materials  throughout  the  reach,  although  significant 
quantities  of  relatively  clean  sands  were  encountered  in  test  holes 
drilled  through  the  left  levee  between  Katella  Avenue  and  the  Santa  Ana 
Freeway.  Very  few  cobbles  were  encountered.  Subsurface  water  was 
measured  at  depths  from  12  to  28  feet  in  seven  of  the  test  holes.  No 
subsurface  water  was  observed  in  the  other  twelve  test  holes,  which  were 
drilled  to  depths  ranging  from  25  to  36  feet.  Natural  moisture  contents 
above  the  water  levels  ranged  from  1  to  17  percent  in  relatively  clean 
sands,  and  from  3  to  39  percent  in  the  fine-grained  material.  Most  of 
the  sandy  materials  are  medium  dense  to  dense,  with  SPT  blow  counts  in 
the  range  from  11  to  50.  Occasionally,  loose  layers  with  blow  counts 
less  than  10  were  encountered  in  the  levee  foundations.  Silts  and  clays 
are  generally  of  a  medium  to  stiff  consistency,  with  SPT  blow  counts  in 
the  range  from  5  to  15. 

5-12  The  surficial  materials  in  the  active  streambed,  to  a  depth  of 
3  feet,  are  poorly-graded,  noncohesive  sands  with  less  than  2  percent 
gravel  or  fines.  The  foundation  materials  below  this  unconsolidated 
layer  range  from  sand  and  silty  sand  in  the  upstream  half  of  the  reach 
to  silt  at  the  lower  end.  Cobbles,  up  to  #  inches,  were  only  rarely 
encountered.  Subsurface  water  was  encountered  at  the  top  of  the  silt 
layer  just  downstream  from  the  Santa  Ana  Freeway,  but  not  elsewhere  in 
the  invert.  Densities  were  estimated  to  range  from  very  loose  near  the 
surface  to  medium  dense  with  depth,  based  on  visual  observations  and 
ease  of  excavation. 

5-13  Subsurface  water  encountered  during  the  field  exploration  program 
is  generally  the  result  of  a  mounded  condition  due  to  low  flows  in  the 
channel.  The  groundwater  profiles  for  the  shallow  semi-perched  zone  and 
the  deeper  fresh  water  aquifers,  as  shown  on  plate  6,  are  well  below  the 
proposed  invert  of  the  channel.  Subsurface  water  levels  would  be  at 
elevations  ranging  from  6  feet  above  to  15  feet  below  the  proposed 
channel  invert. 
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5-14  An  inspection  of  the  existing  river  levees  between  Katella  Avenue 
and  Garden  Grove  Boulevard  revealed  that  the  stone  revetment,  in 
contrast  to  the  upstream  reaches,  is  generally  in  good  condition  and 
therefore  would  be  suitable  for  reuse  in  project  construction.  Two 
major  rock  types  were  noted  during  the  field  inspection,  the  volcanic 
andesite  characteristic  of  Reaches  1  and  2,  and  a  medium  to  dark  gray, 
hard,  fresh  to  slightly  weathered,  fine  to  coarse  grained  granitic  rock, 
resembling  a  quartz  diorite.  The  volcanic  rock  is  the  dominant  type 
between  Katella  Avenue  and  Orangewood  Avenue,  while  the  granitic  rock 
predominates  downstream  of  Orangewood  Avenue.  Petrographic  analyses 
again  confirmed  the  presence  of  the  meta-andesite  and  a  variety  of 
granitic  rocks,  including  diorite,  monzodiorite  and  granodiorite.  The 
volcanic  rock  is  of  better  quality  than  that  described  previously,  with 
only  about  30  to  50  percent  of  the  individual  rocks  containing  incipient 
fractures.  Only  localized  pockets  of  highly  weathered  to  decomposed 
material  (probably  less  than  one  percent  of  the  total  rock  mass)  were 
observed.  The  granitic  rock  is  generally  sound  and  durable.  The 
individual  rocks  tend  to  be  subangular  to  angular  in  shape  and  very 
little  rust  stained,  cracked  or  decomposed  rocks  were  present.  A  slight 
increase  in  weathering  was  observed  near  the  Garden  Grove  Freeway.  The 
granitic  rock  is  mostly  well  graded,  4  to  12  inches  in  size,  with  random 
maximum  sizes  of  between  2  and  3  feet.  The  granitic  rock  tends  to  be 
larger  and  more  durable  than  the  volcanic  rock.  The  volcanic  rock  is 
generally  poorly  graded  and  ranges  in  size  from  2  to  10  inches,  reaching 
a  random  maximum  diameter  of  from  2  to  3  feet.  The  stone  revetment  was 
most  likely  obtained  from  the  same  sources  mentioned  for  Reach  2. 


Santiago  Creek  to  17th  Street,  (Reach  4) 

5-15  The  foundation  materials  in  this  reach  are  predominantly  silts, 
clays,  and  silty  and  clayey  sands,  with  cleaner  sandy  materials  derived 
from  the  streambed  in  the  built  up  levee  sections.  Relatively  little 
gravel  and  pratically  no  cobbles  were  encountered  during  the 
investigation.  Subsurface  water  was  present  at  depths  ranging  from  15 
to  26  feet  in  four  test  holes  in  the  upstream  half  of  the  reach,  and  was 
not  observed  in  the  three  test  holes  which  were  drilled  to  30  feet  in 
the  downstream  half.  Natural  moisture  contents  above  the  water  levels 
ranged  from  2  to  13  percent  in  the  relatively  clean  sands,  and  from  12 
to  37  percent  in  the  finer-grained  materials.  The  density  of  the  sandy 
materials  are  mostly  medium  dense  to  dense,  with  occasional  layers  of 
loose  material,  as  determined  from  SPT  blow  counts  ranging  from  5  to 
38.  The  clayey  and  silty  materials  generally  had  blow  counts  in  the 
range  from  5  to  15,  indicating  medium  stiff  to  stiff  consistencies. 

5-16  As  in  the  upstream  reaches,  the  surficial  st.’eambed  materials  in 
reach  4  are  relatively  clean,  poorly-graded,  noncohesive  sands  to  an 
average  depth  of  about  3  feet.  These  are  underlain  by  moderately 
consolidated  alluvial  deposits  varying  from  clays  to  sands.  Subsurface 
water  was  not  encountered  in  the  relatively  shallow  exploration 
conducted  in  the  invert  of  reach  4. 
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5-17  Subsurface  water  encountered  during  the  field  exploration  program 
is  generally  the  result  of  a  mounded  condition  due  to  low  flows  in  the 
channel.  The  groundwater  profiles  for  the  shallow  and  deeper  zones,  as 
shown  on  plate  6,  would  be  below  the  influence  of  any  construction 
activities.  Subsurface  water  levels  would  be  at  elevations  ranging  from 
5  to  20  feet  below  the  proposed  invert  of  the  channel. 

5— 1 8  The  existing  slope  protection,  inspected  in  1983  and  found  to  be 
of  acceptable  quality,  has  since  been  removed  from  the  right  bank  of  the 
river  downstream  of  the  Santiago  Creek  and  Santa  Ana  River  confluence. 


Seventeenth  St.  To  Fairview  Channel,  (Reach  5) 

5-19  The  foundation  conditions  in  this  reach  include  the  condition  of 
the  active  streambed  as  well  as  deeper  materials.  The  active  streambed 
materials,  located  at  or  near  the  surface  of  the  existing  streambed,  are 
mostly  silty  sands  with  occasional  gravel  and  cobbles  to  12  Inches. 
Moisture  contents  of  the  streambed  materials  ranged  between  25  to 
30  percent  and  indicate  that  the  materials  are  saturated.  These 
materials  will  be  excavated  to  the  proposed  invert  elevation.  The 
foundation  materials  at  the  proposed  invert  elevation  are  predominantly 
loose  to  medium  dense  sands  and  silty  3ands  with  1-  to  3-foot  thick 
lenses  of  medium  stiff  to  stiff  sandy  silts  and  sandy  clays.  The 
plasticity  of  the  clay  lenses  increases  between  Harbor  Boulevard  and  the 
Fairview  Channel.  Typical  SPT  blow  counts  in  the  sand3  and  silty  sands 
ranged  from  9  to  20  blows  per  foot,  and  in  the  silts  and  clays  from  5  to 
15  blows  per  foot.  Water  well  data  indicate  that  upstream  of  the 
San  Diego  Freeway,  current  (1986)  maximum  groundwater  depths  increase 
from  20  to  90  feet  below  the  proposed  Invert  elevation.  However,  the 
shallow  semiperched  zone  is  only  5  feet  below  the  proposed  channel 
invert  elevation  near  the  San  Diego  Freeway,  Increasing  to  20  feet  below 
the  Invert  elevation  near  Seventeenth  Street.  Subsurface  water,  the 
result  of  a  mounded  condition  due  to  low  flows  in  the  channel,  was 
encountered  during  exploration.  Between  the  San  Diego  Freeway  and  the 
Fairview  Channel,  groundwater  was  observed  at  an  elevation  as  high  as 
5  feet  above  the  proposed  channel  invert.  Although  groundwater  levels 
in  the  areas  surrounding  the  channel  alignment  may  vary  by  more  than 
10  feet  seasonally,  perennial  low  flows  in  the  channel  keep  the  proposed 
invert  area  wet  year  round. 

5-20  The  channel  embankment  materials  are  primarily  sands  and  silty 
sands  with  occasional  2-  to  3-foot  thick  clay  and  silty  lenses  to  the 
invert  elevation.  Between  Seventeenth  Street  and  Harbor  Boulevard,  the 
materials  are  loose  to  medium  dense,  and  between  Harbor  Boulevard  and 
the  Fairview  Channel,  the  materials  are  primarily  medium  dense. 

Moisture  contents  encountered  typically  range  from  5  to  15  percent. 

5-21  Materials  from  the  required  excavation  for  the  proposed 
improvements  are  generally  active  streambed  material,  as  described 
above.  The  gradations  of  materials  to  be  excavated  are  summarized 
statistically  for  various  reaches  in  table  9. 
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5-22  Slope  protection  within  this  reach  of  the  channel  consists  of 
6  inches  of  reinforced  concrete  or  4  to  8  inches  of  reinforced  concrete 
on  3  inches  asphaltic  concrete. 


Fairviev  Channel  to  Hamilton -Victoria  Street,  (Reach  6) 

5-23  The  foundation  materials  in  this  reach,  not  including  the  active 
streambed  materials,  are  primarily  silts  and  clays  but  a  significant 
amount  (about  30  to  40  percent)  of  the  soils  are  silty  sands.  Much  of 
the  fine  grained  material  is  highly  plastic  with  plasticity  indices  of 
35  to  40.  These  silts  and  clays  are  typically  stiff  to  very  stiff  with 
SPT  blow  counts  ranging  between  10  and  30.  Clay  layers  encountered  were 
up  to  15  feet  thick  and  extend  well  below  the  proposed  invert  elevation. 
The  silty  sands  are  typically  medium  dense  to  dense  with  SPT  blow  counts 
between  20  and  40.  Subsurface  water,  primarily  groundwater,  was 
encountered  at  depths  ranging  from  15  to  20  feet  from  the  top  of  the 
levees  (from  10  feet  below  to  5  feet  above  the  proposed  Invert) 
throughout  the  reach.  Thus,  foundation  materials  in  the  reach  are 
typically  saturated.  The  materials  remain  wet  in  this  reach  year-round 
due  to  flow  in  the  channel  and  the  tidal  surges  from  the  mouth  of  the 
river. 

5-24  Embankment  materials  in  this  reach  are  primarily  silty  sands  but 
high  proportions  of  clay  and  silt  are  present.  Clays  in  the  embankment 
are  generally  not  highly  plastic  and  are  found  in  layers  up  to  5  feet 
thick.  Embankment  materials  are  medium  dense  and  typical  moisture 
contents  range  from  10  to  25  percent. 

5-25  The  active  streambed  materials  in  this  reach  are  generally  very 
fine  grained.  Silt  and  clay  were  the  most  frequently  encountered 
material,  but  there  are  also  some  small  lenses  of  silty  sand  and  sand. 
Particles  larger  than  3/8  inches  were  not  found.  Within  the  existing 
channel,  groundwater  was  encountered  at  depths  from  about  1  to  20  feet 
below  the  existing  invert  elevation;  that  is,  from  about  10  feet  below 
to  5  feet  above  the  proposed  invert  elevation. 

5-26  Slope  protection  in  this  reach  of  the  channel  consists  of  6  inches 
of  reinforced  concrete. 


Hamilton-Vlctoria  Street  to  Pacific  Ocean,  (Reach  7) 

5-27  Foundation  materials  in  this  reach  are  generally  silty  sands  and 
poorly  graded  sands.  These  materials  are  medium  dense  to  very  dense 
with  SPT  blow  counts  typically  between  20  and  60.  Groundwater  remains 
high  in  this  reach  year-round  due  to  flow  in  the  channel  and  to  tidal 
surges  from  the  mouth  of  the  river.  As  a  result,  moisture  contents  in 
the  foundation  are  at  or  near  saturation  levels. 
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5-28  The  embankments  within  this  reach  are  composed  primarily  of  silty 
sands,  however,  significant  lenses  of  silt  and/or  clay  up  to  5  feet 
thick  were  encountered.  The  materials  are  medium  dense  to  loose,  and 
moisture  contents  vary  over  a  wide  range,  typically  between  10  to 
30  percent. 

5-29  Materials  at  or  below  the  proposed  invert  elevation  are  mostly 
sands  and  silty  sands.  Occasional  silt  layers  up  to  2  feet  thick  were 
found  primarily  at  the  proposed  invert  elevation.  Particles  larger  than 
3/4  inches  are  not  encountered  and  materials  are  generally  saturated. 

5-30  An  inspection  of  the  stone  jetties  at  the  mouth  of  the  Santa  Ana 
River  in  Huntington  Beach  determined  that  the  1/2  to  3-ton  capstone  is 
generally  in  good  condition  even  after  a  maximum  30-year  service  record. 
The  majority  of  the  rock  is  fresh  to  only  slightly  weathered,  with  less 
than  one  percent  breakdown  noted.  The  dominant  rock  type  present 
appears  to  be  a  medium  to  dark-gray,  fresh  to  slightly  weathered 
porphyritic  andesite.  The  fresher,  dark  gray  rock  is  located  mostly  in 
an  approximate  300-foot  section  on  the  east  jetty  which  was  restored 
under  a  Corps  contract  in  1970.  Minor  amounts  (approximately 
10  percent)  of  a  light  gray  to  medium  gray,  slightly  to  moderately 
weathered  porphyritic  andesite  and  a  light  gray,  coarse  grained 
granodiorite  are  also  present.  The  lighter  colored  andesite  is 
characterized  by  numerous  healed  to  rust  stained  incipient  fractures  and 
surface  coatings  of  hematite  and  limonite.  Most  of  the  rock  breakdown 
noted  appeared  to  have  occurred  along  these  fractures.  Most  of  the  rock 
placed  on  the  jetties  probably  came  from  the  Harlow  Quarry,  south  of 
Corona . 


Santa  Ana  Canyon 

5-31  The  foundation  material  at  the  drop  structure  consists  of  most 
sandy  silts  and  clays,  silty  and  clayey  sands  with  some  layers  of  poorly 
graded  sands  and  gravels  to  3  inches.  Moisture  contents  range  from  3  to 
12  percent  in  the  coarser  materials,  and  from  28  to  46  percent  in  the 
finer  materials.  Some  cobbles  are  encountered  below  20  feet.  Standard 
penetration  testing  (SPT)  Indicates  that  materials  in  TH  87-1,  located 
on  the  south  side  of  the  drop  structure,  are  loose  with  blow  counts 
ranging  from  3  to  9.  The  other  two  holes  (i.e.  TH  87-2  and  3),  on  the 
north  side,  indicates  an  increase  in  density  naving  blow  counts  ranging 
from  11  to  40.  Groundwater  was  encountered  approximately  20  feet  below 
the  ground  surface. 

5-32  At  the  Green  River  Golf  Course  area,  foundation  materials  are 
generally  coarser  than  those  found  at  the  drop  structure.  They  are 
composed  of  poorly  graded  sands,  and  silty  sands  with  some  layers  of 
poorly  graded  gravel  and  sandy  silts.  Drilling  in  this  area  required 
drilling  fluid  within  the  first  5  feet.  SPT  data  taken  within  material 
above  15  feet  indicate  that  it  is  loose  with  blow  counts  below  15. 

Below  this  zone,  the  material  increases  in  density,  which  was  reflected 
by  an  increase  in  drilling  effort.  Penetration  tests  in  these  zones 
were  not  done  due  to  the  gravel  and  cobbles.  Groundwater  was 
encountered  approximately  20  feet  below  the  ground  surface. 
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VI.  ANALYSES 


Levee  Analysis 


DESIGN  VALUE S 

6-01  Representative  design  values  have  been  selected  for  the 
foundation,  levee  and  other  construction  materials.  The  selected  design 
values  are  based  on  the  results  of  detailed  laboratory  testing  conducted 
on  disturbed  samples  of  representative  materials  from  the  foundation, 
levee,  and  invert;  and  on  previous  tests  on  similar  materials  from  other 
projects;  and  on  extensive  construction  experience  with  alluvial  and 
streambed  materials  in  the  general  vicinity  of  the  project.  Because  the 
exploration  revealed  a  wide  variety  of  material  types,  and  numerous 
loose  or  soft  layers  in  the  foundation  and  levees,  laboratory  tests  were 
conducted  on  the  various  materials  compacted  to  both  80  and  90  percent 
of  maximum  density  as  determined  by  ASTM  test  method  1557.  The  80  percent 
compaction  values  were  chosen  to  simulate  the  loose  layers  of  in  situ 
materials,  and  the  90  percent  values  were  chosen  to  approximate  the 
firmer  in  situ  foundation  and  levee  materials,  and  to  represent  the 
expected  densities  in  the  compacted  levee  embankment  materials.  The 
moisture-density  relationships  established  by  compaction  studies  and  in 
situ  foundation  tests  were  used  to  determine  the  dry  and  moist  unit 
weights.  The  saturated  unit  weights  were  determined  by  calculating  the 
volume  of  voids  at  80  and  90  percent  of  maximum  density  and  assuming 
those  voids  were  filled  with  water.  The  shear  strength  and  cohesion 
values  selected  are  interpretation  of  consolidated  undrained  triaxial 
compression  test  data ,  with  pore  pressure  measurements  used  to  determine 
consolidated  drained  values  (R-type  test).  Conservative  permeability 
values  for  calculating  seepage  through  the  levees  were  chosen  from  test 
results  on  similar  materials.  The  adopted  design  values  for  the  various 
materials  in  the  foundation  and  levee  are  shown  in  the  following  table. 

SEEPAGE 

6-02  The  proposed  levees  were  analyzed  for  potential  through  seepage  on 
the  landside  slopes.  The  seepage  analysis  addresses  both  the  concerns 
of  quantity  of  flow  and  of  the  factor  of  safety  against  piping. 
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6-03  Variables  that  significantly  affect  the  seepage  analysis  are  the 
levee  height  (including  decreases  in  invert  elevation),  the  slope  of  the 
levee  faces,  the  ground  level  behind  the  levee,  the  elevation  of 
impervious  layers,  and  the  water  level.  The  levee  side  slopes  were  set 
to  be  IV  on  2H,  the  top  width  was  set  at  not  less  than  15  feet  to  allow 
for  construction  and  maintenance  equipment  access,  and  the  water  surface 
was  established  at  the  maximum  flood  elevation,  with  3  additional  feet 
of  freeboard  determining  the  levee  height.  The  transient  flow  condition 
was  determined  for  the  design  flow  period  of  just  more  than  4  days, 
although  the  maximum  design  water  level  would  actually  exist  for  less 
than  2  days. 

6-04  A  permeability  for  the  embankment  and  foundation  materials  of 
10  ft/day  was  selected  as  a  value  representative  of  the  lower  quartile 
gradations,  from  the  frequency  studies  of  samples.  The  seepage  exit 
points  were  estimated  for  the  different  levee  heights  typical  of  those 
conditions  found  in  the  project  area,  and  were  then  compared  to  the 
ground  heights  behind  the  levees.  All  of  the  areas  in  which  the  ground 
height  behind  the  levees  is  above  the  exit  point  were  eliminated  from 
further  analysis  as  they  would  not  develop  seepage  problems.  There  are 
percolation  ponds  on  the  backside  of  the  right  side  of  the  levee  in 
reach  2.  For  the  purpose  of  the  seepage  analysis,  the  ponds  were 
assumed  to  contain  water  to  their  weir  elevations  during  floodflows. 

This  assumption  allows  areas  where  the  exit  point  is  lower  than  the  weir 
elevation  to  be  eliminated  as  a  seepage  problem  area  due  to  the  fact 
that  the  water  on  the  backside  of  the  levee  would  counteract  the  seepage 
forces . 

6-05  The  remaining  levee  areas  were  then  analyzed  to  determine  the 
extent  of  any  seepage  that  might  occur.  The  sections  analyzed  within 
each  reach  included  those  with  the  greater  typical  heights  on  both  sides 
of  the  levee.  The  critical  seepage  sections  within  reaches  1  through  4 
were  developed  as  a  15-foot  high  levee  on  an  impervious  base.  The 
maximum  seepage  quantity  for  the  brief  period  of  maximum  design  flow  was 
calculated  to  be  less  than  20  cubic  feet  per  day  per  lineal  foot  of 
levee,  with  a  factor  of  safety  against  piping  of  about  2.  The  critical 
seepage  sections  within  reaches  6  and  7  were  develoed  as  a  22-foot  high 
levee  with  groundwater  at  the  invert  elevation.  The  maximum  seepage 
quantity  within  this  area  was  calculated  to  be  about  30  cubic  feet  per 
day  per  lineal  foot,  with  a  factor  of  safety  against  piping  of  about  2. 
The  factors  of  safety  against  piping  are  considered  conservative  since 
they  are  based  upon  steady  state  conditions  rather  than  the  transient 
seepage  condition,  as  discussed  in  subparagraph  6-03.  The  quantity  of 
seepage  is  not  considered  a  concern  other  than  a  consideration  for  the 
hydraulic  design  of  side  drainage.  Rainfall  behind  the  levees,  for  any 
storm  large  and  long  enough  to  develop  seepage  through  the  levees,  would 
be  added  to  the  calculated  seepage  quantities,  and  the  resulting 
quantities  would  be  contained  by  the  side  drainage  system.  Local 
sections  of  levee  that  are  affected  by  the  design  seepage  conditions  are 
listed  in  the  following  table: 
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Table  C.  Levee  Areas  Possibly  Affected  by  Seepage. 


Station 

Reach 

Levee 

Comments 

830+00 « 

2 

Right 

740+00* 

2 

Right 

— 

710+00* 

2 

Right 

— 

640+00* 

3 

Left 

— 

610+00* 

3 

Right 

Left  A  right  levees  contained  within  higher 
existing  banks. 

1 50+00 
to  0+00 

6/7 

Right 

Private  property  on  backside  of  right  levee. 

*  Seepage 

within 

sections 

1,000  feet  in  length  unless  noted  otherwise. 

SLOPE  STABILITY 

6-06  This  analysis  of  the  slope  stability  is  based  on  the  recommended 
plan.  The  stability  of  the  levee  slopes  (including  the  trapezoidal 
portion  of  reach  5)  was  initially  analyzed  for  the  existing  soil 
conditions,  and  additionally  analyzed  for  new  construction  conditions 
where  the  proposed  alignment  would  require  placing  new  material. 

6-07  Cross-sections  representing  typical  and  composite  soil  conditions 
were  developed  for  both  the  left  and  right  levees.  Typical 
cross-sections  generally  represent  the  most  common  soil  conditions 
encountered  during  the  field  investigation  and  composite  cross-sections 
generally  represent  weak  materials  (such  as  loose  sand,  low  strength 
silt  and  clay)  and  locally  higher  levees.  Material  types  and  properties 
used  in  the  analysis  were  determined  from  field  investigations  and 
laboratory  test  results.  The  cross-sections  have  a  top  width  of  not 
less  than  15  feet,  and  IV  on  2H  side  slopes.  They  are  analyzed  for  end 
of  on3tructior.,  critical  flood  stage,  sudden  drawdown,  steady  seepage, 
and  earthquake  slope  stability  cases  as  required  by  EM  1110-2-1913* 

See  plates  29  through  38  for  representative  cross-sections,  including 
the  failure  arcs  and  a  table  of  the  safety  factors  obtained. 

General  conditions  of  the  existing  or  new  embankments  and 
foundations  are  identified  for  each  of  the  required  slope  stability 
ca3e3.  These  conditions  form  the  basis  for  the  slope  stability 
analysis,  and  are  discussed  in  the  following  paragraphs: 


•  End  of  Construction.  Slope  stability  for  the  case  of  end  of 
construction  takes  into  consideration  any  build  up  of  pore 
pressure  in  impervious  soils  during  the  construction  period. 

A  major  portion  of  the  proposed  levee  construction  will  utilize 
existing  levees,  and,  therefore,  the  end  of  construction 
condition  would  not  be  applicable.  There  will  be  some 
relocation  and  construction  which  would  generally  utilize 
free-draining  materials  and,  therefore,  consolidated-drained , 

S,  shear  strengths  have  been  used  for  the  end  of  construction 
analysis.  For  areas  in  reaches  3  through  7,  construction  of  new 
levees  may  utilize  a  less  pervious  material.  Although  the  less 
pervious  materials  are  expected  to  drain  faster  than 
construction  proceeds,  consolidated-undrained,  R,  shear 
strengths  have  been  conservatively  used  for  the  analysis. 

The  end  of  construction  condition  was  analyzed  for  reaches 
1,  3,  5,  6,  7  and  the  Canyon  for  newly  constructed  embankments 
and  Reach  4  for  new  material  placed  on  existing  embankments. 

The  analyses  indicate  factors  of  safety  above  the  minimum 
required. 

•  Critical  Flood  Stage.  This  case  analyzes  the  riverside  slope 
during  prolonged  flood  stages  in  which  the  levee  embankments  may 
become  saturated  and  develop  a  condition  of  steady  seepage. 

Shear  strengths  for  the  less  pervious  soils  were  defined  by  a 
strength  envelope  midway  between  the  R  and  S  test  envelopes  for 
high  normal  stresses,  and  with  the  S  strength  envelope  for  low 
normal  stresses.  For  free-draining  materials,  the  slopes  were 
analyzed  with  the  S  strength  envelope.  Most  of  the  existing 
materials  in  the  levees  and  the  proposed  borrow  materials,  are 
free-draining  and  the  S  strength  envelope  was  used  in  the 
analyses.  However,  some  of  the  existing  materials  in  the  lower 
reaches,  3  through  7,  are  not  free-draining  and  the  combined 

R  and  S  strength  envelope,  as  discussed  above,  was  used  for  the 
critical  flood  stage  analyses. 

Each  of  the  levee  cross-sections  was  analyzed  with  the 
water  level  at  the  design  flood  stage.  All  factors  of  safety 
for  these  analyses  were  above  the  required  minimum  factor  of 
safety  of  1.4. 

•  Sudden  Drawdown.  In  general,  the  sudden  drawdown  analyses  are 
based  on  the  conservative  assumption  that  the  embankments  are 
saturated  and  remain  saturated  during  drawdown  when  the  water 
surface  is  lowered  instantaneously  from  maximum  design  flood 
stage  to  the  minimum  stage  at  the  invert.  Where  the  above 
conservative  assumption  resulted  in  factors  of  safety  less  than 
required,  a  more  realistic  condition  was  assumed  and  analyzed. 
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This  condition  took  into  account  the  fact  that  the  time  required 
for  the  flood  waters  to  recede  is  estimated  to  be  at  least 
3  days,  and  that,  for  most  of  the  levees,  the  existing  materials 
and  the  proposed  borrow  materials  are  free-draining.  These 
conditions  allow  drainage  of  the  slope  face  to  proceed 
concurrently  with  the  lowering  of  the  flood  waters.  However,  in 
areas  of  Reaches  3  and  7,  some  of  the  existing  materials  are  not 
free-draining  and  the  general  assumption  that  pore  pressure  does 
not  dissipate  would  be  the  more  representative  approach.  For 
free-draining  materials  the  S  shear  strengths  was  used  and  for 
less  pervious  materials  the  minimum  of  the  R  and  S  shear 
strength  envelopes  was  used  in  the  sudden  drawdown  analysis. 

Each  of  the  levee  cross-sections  analyzed  for  sudden 
drawdown  met  or  exceeded  the  required  factor  of  safety  of  1.0. 

e  Steady  Seepage.  The  condition  of  steady  seepage  occurs  when 
water  levels  remain  at  the  flood  stage  long  enough  to  develop  a 
steady  state  phreatic  surface  through  the  limited  sections  of 
levee  not  paved  or  grouted.  Hydrographs  for  the  Santa  Ana  River 
indicate  that  the  maximum  flood  waters  will  be  of  a  duration 
just  long  enough  to  develop  the  condition  of  steady  seepage  with 
the  more  pervious  levee  materials.  The  stability  analyses  for 
the  case  of  steady  seepage  were  performed  for  the  landside 
slopes.  For  less  pervious  materials,  a  3hear  strength  envelope 
which  uses  S  strengths  for  low  normal  stresses  and  an  envelope 
midway  between  the  R  and  S  te3t  envelope  for  higher  normal 
stresses  were  used.  The  S  strength  envelope  waj  used  for  free- 
draining  materials.  Even  though  conservative  values  were  chosen 
for  analyzing  the  steady  seepage  condition,  the  full  phreatic 
surface  would  only  develop  for  storms  of  the  magnitude  of 
100-year  or  greater. 

All  the  cross-sections  developed  a  factor  of  safety  equal 
to  or  greater  than  the  minimum  required  1.4  for  steady  seepage 
without  earthquake.  The  acceptable  factors  of  safety,  even  for 
the  more  shallow  stability  arcs  (3-  to  5-feet  deep)  within 
cohesionless  embankment  materials,  indicate  that  sloughing  of 
the  slopes  due  to  the  short  term  steady  seepage  will  not  be  a 
concern. 

•  Earthquake.  The  slope  stability  cases  of  end  of  construction, 
critical  flood  stage,  and  steady  seepage  were  analyzed  with 
earthquake  forces.  The  representative  design  coefficient  of 
0.15  g  for  the  earthquake  case  was  selected  in  accordance  with 
EM  1110-2-1902,  after  a  combined  seismic  and  flood  risk  analysis 
determined  that  the  use  of  maximum  probable  accelerations  to 
preclude  the  release  of  only  occasional  floodflows  (as 
quantified  below),  was  not  required. 

(a)  The  calculated  combined  risk  associated  with  a  0.2  g 
local  surface  acceleration  produced  by  an  earthquake  on  the  San 
Andreas  fault,  is  less  than  0.0007  during  a  period  of  design 
flow. 
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(b)  The  calculated  combined  risk  associated  with  a  0.45  g 
near  field  surface  acceleration  produced  by  either  an  earthquake 
on  the  Whittier-Elsinore  fault  zone  at  the  upper  end  of  the 
project  or  the  Newport-Inglewood  fault  zone  at  the  lower  end  of 
the  project,  is  only  about  0.0001  during  a  period  of  design 
flow. 

In  all  cases  analyzed,  the  levee  cross-sections  met  or  exceeded  the 
minimum  required  factor  of  safety  of  1.0. 

SLOPE  PROTECTION 

6-08  Revetment  stone  is  required  on  the  unpaved  riverside  levee 
slopes.  Hydraulic  design  (see  Main  Report-Vol.  3)  determined  the 
nsximum  riprap  thickness  required  for  the  levees  will  vary  considerably 
as  indicated  in  table  D.  In  areas  near  drop  structures  and  places  of 
higher  velocities,  maximum  riprap  thickness  will  be  as  much  as 
60  inches,  with  grouted  stone  proposed  as  an  alternative  where  riprap 
thicknesses  are  excessive.  Riprap  placed  under  water  would  have  a 
50  percent  thicker  layer.  Grouted  stone  revetment  is  proposed  to  be 
placed  as  a  15-inch  layer,  as  a  possible  alternative  to  the  riprap, 
throughout  the  project. 

6-09  In  order  to  prevent  erosion  and  loss  of  fines  through  the  voids  in 
the  riprap  stone  revetment,  some  type  of  filter  will  be  required.  Two 
types  of  filter  material  were  evaluated  so  that  the  most  economical 
could  be  used.  The  two  types  are  filter  stone  and  filter  cloth. 

6-10  The  stone  and  filter  requirements  were  designed  in  accordance  with 
EM  1110-2-1913  and  ETL  1110-2-120. 


Table  D.  Riprap /Filter  Thickness. 


(D50) 

Riprap  Thickness 
(Dry) 

(Wet) 

Filter 

(Dry) 

Thickness 

(Wet) 

8" 

12" 

18" 

6" 

9” 

10" 

15" 

24" 

6" 

9" 

12" 

18" 

27" 

6" 

9" 

14" 

21" 

33" 

6" 

9" 

15" 

24" 

36" 

9" 

12" 

24" 

36" 

54" 

33" 

48" 

72" 
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Drop  Structure  and  Stabilizer  Analysis 

6-11  In  order  to  maintain  the  invert  grade  line,  drop  structures  and 
invert  stabilizers  are  proposed  within  the  soft  bottom  reaches  of  the 
project.  Typical  cross  sections  of  the  structures  are  shown  in  figures 
5  and  6. 

DESIGN  VALUES 

6-12  Based  on  the  foundation  conditions  at  the  proposed  invert 
structure  improvements,  the  following  values  are  selected  for  design: 


Table  E.  Invert  Structure  -  Design  Values. 


Moist  unit  weight,  (pef)  120 

Saturated  unit  weight,  (pcf)  130 

Angle  of  internal  friction,  (deg)  34 

Active  earth  pressure  coef.  0.28 

Moist  equiv.  earth  fluid,  (pcf)  34 

Saturated  equiv.  earth  fluid,  (pcf)  80 

Passive  earth  pressure  coef.  3.5 

Moist  equiv.  earth  fluid,  (pcf)  420 

Saturated  equiv.  earth  fluid,  (pcf)  300 

At-rest  earth  pressure  coef.  0.45 

Saturated  equiv.  earth  fluid,  (pcf)  93 

Allowable  bearing  pressure,  (psf)  3000 

Permeability, (fpd)  50 

Coefficient  of  sliding  friction  0.40 


UNDERSEEPAGE 

6-13  A  drain  blanket  will  be  required  beneath  the  proposed  drop 
structures  in  order  to  preclude  the  effects  of  uplift  and  piping  due  to 
underseepage.  Two  water  surface  conditions  were  considered  for  this 
analysis;  one  for  a  saturated  invert,  and  another  considering  full  flow 
conditions.  The  permeabilities  of  the  foundation  materials  were  based 
upon  the  Diq  of  the  foundation  materials.  The  uplift  forces  for  both 
conditions  indicated  that  the  saturated  invert  condition  is  more 
critical,  and  thus  is  the  basis  for  design.  The  drain  blanket  was 
designed  in  accordance  with  ETL  1110-2-236. 


A -VI -8 


STONE  PROTECTION 


6-14  The  hydraulic  design  has  established  that  the  stone  requirements 
for  the  drop  structures,  will  include  derrick  stone  at  the  leading  and 
trailing  invert  areas.  The  invert  stabilizers  will  be  constructed  of 
grouted  cobblestone,  and  will  require  derrick  stone  at  the  trailing 
invert  areas.  The  gradation  requirements  for  the  required  stone  have 
been  designed  in  accordance  with  ETL  1110-2-120,  and  the  filter 
requirements  are  in  accordance  with  EM  1110  —2— 1913. 

BEARING 

6-15  The  existing  foundation  materials  encountered  beneath  the  proposed 
drop  structures  will  provide  a  bearing  capacity  of  3000  psf.  Settlement 
is  expected  to  be  negligible  for  the  invert  structures,  since  the 
additional  load  due  to  the  improvements  is  not  an  appreciable  increase 
from  the  existing  overburden. 

LATERAL  PRESSURES 

6-16  The  lateral  pressures  acting  on  the  breast  walls  have  been 
determined,  assuming  that  all  backfill  will  be  from  local  required 
excavation.  It  has  been  assumed  that  drop  structure  breast  wall 
backfill  will  remain  saturated,  and  that  the  driven  steel  sheetpile  wall 
backfill  within  the  Canyon  will  drain. 

SLIDING 

6-17  The  coefficient  of  friction  between  the  base  of  drop  structure 
slab  and  the  foundation  material  is  assumed  to  be  2/3  the  angle  of 
internal  friction  of  the  foundation  material. 


Concrete  Trapezoidal  and  Rectangular  Channel  Analysis 
DESIGN  VALDES 

6-1 8  The  soils  design  values  selected  for  the  proposed  concrete  channel 
are  based  on  conservative  interpretations  of  the  field  and  laboratory 
test  results.  Consideration  was  given  to  design  values  selected  for 
similar  material  on  major  projects  constructed  by  the  Los  Angeles 
District  Corps  of  Engineers.  Permeability  of  the  foundation  materials 
is  based  on  tests  performed  at  80  and  90  percent  of  maximum  density 
(ASTM  D  1557)  on  samples  representative  of  lower  quartile  gradations 
from  frequency  studies  of  all  foundation  samples  taken.  The  following 
values  are  selected  for  the  rectangular  channel  and  for  the  trapezoidal 
channel  design: 
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Table  F.  Concrete  Channel  Design  Values. 


Foundations 


Allowable  Bearing  Pressure,  (psf)  1500 

Permeability,  (fpd)  5 

Backfill 

Dry  Unit  Weight,  (pcf)  100 

Moist  Unit  Weight,  (pcf)  108 

Angle  of  Internal  Friction,  (deg)  28 

Cohesion,  (psf)  0 

Active  Earth  Pressure  coef.  0.36 

Equivalent  Earth  Fluid  Weight,  (pcf)  40 


SUBDRAIN 

6-19  A  subdrainage  system  will  be  required  between  17th  Street  and 
Fairview  Channel  in  the  Santa  Ana  River  Channel,  and  in  the 
Greenville-Banning  Channel  between  the  San  Diego  Freeway  and 
Hamilton-Victoria  Avenue.  A  3ubdrainage  system  is  necessary  to  control 
hydrostatic  uplift  forces  under  the  channel  invert  and  low  flow  area, 
due  to  high  groundwater  levels  or  a  perched  water  condition.  The 
subdrain  system  was  designed  in  accordance  with  ETL  1110-2-236  and  the 
Los  Angeles  District  Report  on  Manhole  Subdrain  System,  July  1957.  The 
design  was  based  on  channel  dimensions  given  as  amended  in  the  Phase  II 
GDM  hydraulic  design,  and  an  estimated  minimum  channel  invert  thickness 
of  10  inches.  A  design  hydrostatic  head  of  10  feet  above  the  top  of  the 
subdrain  collector  pipes  was  used  and  subdrain  pipes  were  assumed  to 
flow  a  maximum  of  80  percent  full.  The  effect  of  adjacent  subdrains  in 
both  the  main  and  Greenville-Banning  channels  was  considered  in  the 
subdrain  design.  Where  possible,  consistent  pipe  sizes  were  maintained 
along  the  channel  while  discharge  distances  were  varied.  The  design  (as 
discussed  in  paragraph  7-35)  was  verified  by  the  construction  of  full 
channel  flow  nets. 

LEVEE  SLOPE  STABILITY 

6-20  From  Seventeenth  Street  to  about  the  San  Diego  Freeway,  the 
channel  will  be  a  trapezoidal  concrete  lined  channel.  Existing  levees 
will  be  utilized  to  some  degree.  Levee  heights,  however,  will  not  be 
increased.  The  stability  of  the  existing  levee  materials  along  the 
proposed  trapezoidal  channel  reach  was  checked  in  accordance  with 
EM  1110-2-1902,  as  presented  in  paragraph  6-06. 
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BEARING 


6-21  The  bearing  capacity  of  the  foundation  soils  was  determined  in 
accordance  with  EM  1110-2-1903,  accounting  for  both  shear  and  settlement 
considerations.  The  allowable  foundation  bearing  pressure  of  1500  psf 
is  based  on  a  maximum  allowable  settlement  of  1-ineh  considering  each  of 
the  material  types  encountered  in  the  rectangular  channel  reach. 

LATERAL  FORCES 

6-22  The  lateral  earth  forces  acting  on  the  rectangular  wall  were 
determined  in  accordance  with  EM  1110-2-2502.  The  forces  were  selected 
assuming  that  wall  deflections  will  be  sufficient  to  reduce  wall 
pressures  to  the  active  state.  An  active  earth  pressure  coefficient 
(Ka)  of  0.36  and  equivalent  earth  fluid  weight  (EEF)  of  40  pcf  are  given 
in  paragraph  6-1 8  with  other  pertinent  design  values.  These  values  are 
based  on  a  cohesionless  silty  sand  (SM)  backfill  compacted  to  90  percent 
of  maximum  density  (ASTM  D  1557). 


Disposal  Beach  Compatibility  Analysis 

6-23  The  analysis  of  compatibility  is  based  upon  the  gradations  of 
representative  materials  obtained  from  both  the  disposal  (beaoh)  and  the 
borrow  (required  invert  excavation)  sites.  The  gradations  of  the 
sampled  range  lines  along  the  proposed  disposal  beach  have  been  grouped 
into  composite  blends  representing  similar  materials  within  adjoining 
sections  of  beach.  The  same  type  of  grouping  was  done  for  the  materials 
that  are  to  be  removed  down  to  the  proposed  invert  within  functional 
construction  reaches.  The  groupings  were  made  so  that  Increased 
flexibility  would  be  obtained  in  utilizing  all  available  required  invert 
excavation  for  the  replenishment  of  adjacent  beaches. 

COMPATIBILITY  CRITERIA 

6-24  The  criterion  for  beach  fill  materials  is  set  within  the  Code  of 
Federal  Regulations,  Title  40,  Part  230.  Specifically,  within  Section 
230.4-1.b.1,  the  code  states  that  beach  restoration  materials  are  to  be 
composed  predominately  of  sand,  gravel  or  shells  with  particle  sizes 
compatible  with  the  material  on  disposal  beaches. 

6-25  The  Los  Angeles  District  Corps  of  Engineers  has  established 
quantitative  guidelines  for  the  compatibility  of  beach  and  borrow 
materials.  The  guidelines  say  that  in  order  to  determine  compatibility, 
the  grain  size  distribution  curves  for  the  disposal  beach  samples  will 
be  plotted.  These  curves  define  an  envelope  within  which  all  the 
existing  beach  material  will  fall.  For  the  borrow  material  to  be 
considered  compatible,  the  composite  curves  for  the  borrow  should  fall 
within  the  envelope  of  curves  for  the  disposal  beach  with  the  following 
exceptions.  The  coarse  grained  portion  of  the  composite  curves  may  fall 
outside  of  the  envelope  if  not  restricted  by  esthetic  considerations. 
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The  fine  grained  portion  may  also  fall  outside  of  the  envelope,  however, 
the  percentage  of  silt  and  clay  (percent  passing  the  No.  200  sieve) 
shall  not  exceed  that  of  the  finest  beach  sample  by  more  than 
10  percentage  points. 

DISPOSAL  BEACH 

6-26  Composite  gradations  for  each  particular  range  line  were 
determined  using  every  sample  along  each  range  line.  The  range  line 
gradations  are  shown  in  table  11.  Range  line  gradations  for  similar 
sections  of  beach  were  then  compiled ,  and  the  average  and  upper  quartile 
composite  and  upper  limit  gradations  of  the  combined  areas  were  plotted. 
See  figure  7  for  representative  beach  gradation  envelopes. 

INVERT  MATERIAL 

6-27  All  invert  areas  of  required  excavation  were  sampled.  The 
gradation  of  each  sample  was  obtained  and  compared  with  the  gradations 
of  adjoining  reaches  of  invert.  A  composite  gradation  summary  was  then 
developed  for  functional  areas  of  similar  materials,  within  each  reach 
where  excavation  is  required.  See  table  9  for  representative  composite 
gradations  of  the  Invert  material  to  be  removed. 

COMPATIBILITY 

6-28  The  Los  Angeles  District  guideline  was  used  to  determine  grain 
size  compatibility.  The  average  and  upper  quartile  composite  and  upper 
limit  gradations  of  one  combined  section  of  disposal  beach  were  plotted. 
The  composite  average  gradation  of  each  representative  reach  of 
excavated  Invert  was  then  plotted  on  the  same  figure.  Invert  materials 
judged  to  be  generally  suitable  for  beach  replenishment  are  those 
functional  composite  groupings  that  contain  up  to  10  percentage  points 
more  fines  than  the  upper  quartile  gradation  of  a  section  of  disposal 
beach.  See  figure  7  for  the  gradation  comparisons.  - 
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VII.  DESIGN  APPLICATIONS  AND  CONSTRUCTION  CONSIDERATIONS 


Project  Dewatering 


GBIERAL 

7-01  The  construction  of  all  levee  embankments,  invert  structures, 
hard-bottom  channel  sections  will  be  accomplished  free  of  standing 
water . 

7-02  Dewatering  could  be  accomplished  by  some  combination  of  drainage 
ditches,  dikes,  cofferdams,  wellpoints,  and  pumps  or  other  techniques 
proposed  by  the  contractor.  Each  of  these  methods  will  be  discussed  in 
the  following  paragraphs.  This  report  also  presents  a  suggested  scheme 
for  estimating  the  dewatering  for  each  typical  reach  or  section. 

7-03  The  groundwater  conditions  along  the  project  alignment  have  been 
discussed,  herein,  before.  The  groundwater  basin  is  illustrated  in 
figures  3  and  4,  and  groundwater  profiles  along  the  project  alignment 
are  shown  on  plate  6. 

Diversion 

7-04  Surface  flow  is  expected  to  be  continuous  along  the  Lower  Santa 
Ana  River,  during  construction.  Generallv,  water  could  be  diverted  to 
the  inactive  side  of  the  channel,  by  means  of  dikes  and  drainage 
ditches.  The  dikes  will  be  of  sufficient  height  to  preclude 
overtopping,  and  of  sufficient  sectional  width  to  eliminate  piping.  It 
is  recognized  that  the  dike  section(s)  will  be  pushed-up  and 
continuously  maintained  by  the  contractor,  ar  an  area  is  worked.  Any 
drainage  ditch  construction,  or  excavation  of  dike  fill  that  goes  deeper 
than  the  final  invert  elevation  will  be  backfilled  and  compacted. 
Overexcavation  in  reaches  of  the  proposed  hard-bottom  sections  will  also 
be  backfilled  with  compacted  fill  material. 
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Groundwater 


7-05  Subsurface  water  may  generally  be  removed  by  pumping  the  gravity 
flow  from  a  sump  system,  since  the  foundation  materials  for  this  project 
are  typically  sand  or  silty  sand.  The  pumping  rates  for  the 
preconstruction  dewatering  of  each  proposed  improvement,  will  be 
discussed  in  the  following  paragraphs.  The  rates  are  discussed  as  an 
aid  to  estimating  construction  costs.  Excessive  flows  in  the  cleaner 
sand  foundation  materials  may  be  controlled  with  sheet  pile  cutoff 
walls.  Seepage  into  any  excavation  may  be  removed  by  pumping  from  a 
sump  trench.  Based  on  a  15-foot  wide  excavation  12  feet  deep,  a 
required  pumping  rate  of  about  150  gpm  per  100  feet  of  excavation  can  be 
expected.  A  sheet  pile  cutoff  around  the  excavation  could  be  used  to 
reduce  the  seepage  rate.  A  cutoff  to  a  depth  of  10  feet  below  the 
bottom  of  the  excavation  would  reduce  the  required  pumping  rate  to  about 
70  gpm  per  100  feet  of  excavation. 

Cofferdams 

7-06  Tidal  variations  within  the  lower  reach  of  the  Santa  Ana  River 
will  create  additional  dewatering  requirements.  The  tide  is  expected  to 
rise  as  high  as  +8  feet  MLLW  (+10  feet  NGVD) ,  meaning  that  tidal  surface 
flows  could  effect  construction  as  far  inland  as  Adams  Avenue. 

Cofferdams  may  be  used  to  control  the  upstream  movement  of  the  tides. 


Levee  Construction 


HEW  CONSTRUCTION 

7-07  Mew  construction  will  consist  of  building  new  levees  to  the 
alignment  and  elevations  required  by  the  hydraulic  design  where  existing 
levees  cannot  be  modified  or  do  not  currently  exist.  Paragraph  7-12 
discusses  the  proposed  levee  modifications,  including  widening  or 
raising  existing  levees  as  described  in  paragraphs  1-13  through  1-24. 
Closely  related  construction  in  the  channel,  including  stabilizers  and 
drop  structures  and  channel  excavation,  are  discussed  in  the  following 
paragraphs  7-22  through  7-40. 

Geometry 

7-08  The  new  levees  would  be  constructed  with  IV  on  2H  side  slopes  and 
a  top  width  of  not  less  than  15  feet.  Typical  dimensions  and  cross 
sections  are  shown  on  plates  29  to  37. 

Foundation  Treatment 

7-09  The  foundation  areas  for  new  levee  construction  would  be  cleared 
and  grubbed  to  expose  the  foundation  soils,  and  proof-rolled  to  at  least 
90  percent  of  maximum  density  ( ASTM  1557)  to  provide  a  firm  foundation 
for  the  compacted  fill  materials  and  to  reduce  underseepage  and 
settlement.  Control  of  surface  water  in  the  channel  can  be  accomplished 
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with  diversion  levees  to  direct  fche  flows  to  the  opposite  side  of  the 
channel,  however  dewatering  may  still  be  required  in  some  areas  to  allow 
excavation  and  construction  of  the  levee  toe.  Dewatering  could  be 
accomplished  with  a  system  of  well  points  or  a  collection  ditch  with 
sump  pumps.  Temporary  excavation  slopes  for  the  toe  construction  would 
be  no  steeper  than  4V  on  3H,  and  in  areas  of  relatively  loose 
noncohesive  granular  soils,  may  need  to  be  flatter.  The  required 
excavation  for  toe  construction  will  preclude  the  need  for  the 
excavation  of  a  separate  inspection  trench.  Unsuitable  foundation  soils 
such  as  soft  clays,  loose  sand3  or  open-graded  gravel  or  cobble  layers 
would  be  removed  and  recompacted  or  replaced  with  compacted  levee  fill 
materials. 

Sources  of  Material 

7-10  The  new  levees  will  be  constructed  with  materials  from  the 
required  channel  invert  excavation.  Hydraulic  design  of  the  channel 
requires  the  lowering  of  the  existing  invert  elevation  at  various 
locations.  The  two  locations  within  reasonable  haul  distances  that 
could  provide  suitable  materials  from  the  required  excavation  are  in 
reach  1,  above  Imperial  Highway,  and  Just  downstream  of  reach  4  between 
Seventeenth  Street  and  Edinger  Avenue.  The  materials  available  in  the 
upper  borrow  area  are  primarily  sands  with  relatively  small  amounts  of 
silt  and  gravel,  as  described  in  paragraphs  5-01  through  5-10.  The 
materials  available  in  the  lower  borrow  area  are  finer  grained, 
primarily  silty  and  clayey  sands  with  occasional  gravels  and  cobbles,  as 
described  in  paragraphs  5-19  through  5-22.  The  balance  factors  for 
materials  from  either  borrow  site  would  be  approximately  0.85  when 
excavated,  hauled,  placed,  and  compacted  with  conventional  construction 
techniques.  The  relatively  pervious  granular  materials  from  the  upper 
borrow  area  are  preferred  due  to  their  ease  of  handling  and  free-draining 
characteristics.  Excess  pore  pressures  and  marginal  slope  stability 
under  sudden  drawdown  conditions  would  be  largely  eliminated  if  these 
materials  are  used  to  construct  the  new  levee  Sections.  Finer-grained, 
slower-draining  materials  from  the  lower  borrow  area  would  reduce  the 
hauling  distance  and  costs  for  the  levees  in  reaches  3  and  4,  but  would 
probably  increase  the  potential  for  slope  distress  during  the  life  of 
the  project.  A  discussion  of  the  stone  and  filter  materials  to  be  used 
on  the  levees  is  presented  in  paragraphs  7-17  through  7-21. 

Construction  Requirements 

7-11  Conventional  heavy  construction  equipment  would  be  suitable  for 
construction  of  the  levees.  Excavation  of  the  borrow  materials  from  the 
channel  invert  could  be  accomplished  with  self-propelled  scrapers  if  the 
haul  distance  is  reasonably  close,  or  with  rubber-tired  loaders  and 
hauled  in  off-road  trucks  if  haul  distances  are  longer.  After  clearing, 
grubbing  and  proof-rolling  the  foundation,  borrow  materials  from  the 
channel  invert  excavation  would  be  placed  and  spread  in  lifts  no  thicker 
than  one  foot.  Cobbles  and  boulders  larger  than  3/4  of  the  lift 
thickness  would  be  removed  on  grade  before  compaction.  Processing  of 
the  excavated  materials  to  remove  the  oversize  particles  would  not  be 
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required  due  to  the  relatively  small  amount  of  stone  in  the  borrowed 
areas.  Moisture  content  of  the  fill  materials  would  be  adjusted  to  near 
optimum  by  adding  water  on  grade  if  too  dry,  or  by  scarifying  and 
aerating  if  too  wet.  The  conditioned  fill  material  would  then  be 
compacted  to  at  least  90  percent  of  maximum  density  as  determined  by 
ASTM  D  1557  by  rolling  with  a  rubber-tired  or  other  type  roller  suited 
to  the  materials  being  compacted.  Field  density  tests  (ASTM  1556)  would 
be  conducted  in  sufficient  numbers  to  assure  that  the  required 
compaction  is  accomplished.  Slope  protection  requirements  are  discussed 
in  paragraphs  7-17  through  7-21. 

RECONSTRUCTION 

7-12  The  existing  levees  would  be  modified  in  some  locations  by 
increasing  the  height  of  the  levee  or  by  a  realignment  of  the  centerline. 

Geometry 

7-13  The  modified  levees  would  be  constructed  with  IV  on  2H  side  slopes 
and  a  top  width  of  not  less  than  15  feet,  the  same  as  the  new  levee 
sections.  Typical  sections  showing  the  variations  and  extent  of  levee 
modification  are  shown  on  plates  29  through  36. 

Foundation  Treatment 

7-14  Where  new  fill  material  is  to  be  placed  over  existing  levees,  the 
levee  will  be  prepared  a3  a  suitable  foundation  by  removing  any  pavement 
on  the  crest  and  any  slope  protection  or  vegetation  on  the  side 
slopes.  Sloped  surfaces  steeper  than  IV  on  4H  will  be  flattened  or 
stepped  so  that  the  compaction  equipment  will  bear  fully,  and 
proof-rolled  to  at  least  90  percent  of  maximum  density  as  determined  by 
ASTM  test  method  D  1557.  New  foundation  areas  will  be  cleared  grubbed, 
proof-rolled,  and  scarified  before  the  first  lift  i3  placed.  As  with 
the  new  levee  construction,  dewatering  may  be  required  in  some  areas 
where  the  riverside  slope  of  the  existing  levee  is  to  be  modified. 

Sources  of  Material 

7-15  Borrow  materials  for  modification  of  the  existing  levees  will  be 
obtained  from  the  3ame  channel  excavation  sources  as  for  the  new  levee 
construction.  Free  draining  granular  materials  will  be  available  within 
all  the  construction  reaches  of  the  project. 

Construction  Requirements 

7-16  Reconstruction  of  the  existing  levees  can  be  accomplished  with 
conventional  heavy  construction  equipment  following  the  same  procedures 
described  for  new  levee  construction,  except  that  the  existing  slope 
protection  would  be  removed  and  stockpiled  if  adequate  for  reuse. 
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SLOPE  PROTECTION 


Stone  Sources 

7-17  Slope  protection  materials  for  the  Lower  Santa  Ana  River  project 
would  be  available  from  two  sources,  nearby  commercial  rock  quarries  and 
portions  of  the  existing  river  levees.  Local  quarries  which  have 
produced  suitable  stone  within  the  past  5  years  for  Corps  of  Engineers' 
construction  projects  are  listed  in  table  G.  All  these  sources  are 
within  30  miles  of  either  the  upstream  limits  (Santa  Ana  Canyon)  or 
downstream  limits  (Pacific  Ocean)  of  stone  placement  for  the  project. 

The  Corona  group  of  quarries  (Corona-Pacific,  Harlow  and  3M)  would  be 
the  closest  sources  to  the  upper  reaches  of  the  project.  Stone  could 
also  be  obtained  from  the  more  distant  Atkinson,  Declezville  and 
Stringfellow  operations  in  the  Jurupa  Mountains  near  Riverside.  The 
Slover  Mountain  Quarry  near  Colton  and  the  Fish  Canyon  Quarry  near  Azusa 
would  also  be  potential  sources  of  stone.  The  closest  source  to  the 
downstream  limits  of  the  project  is  the  Pebbly  Beach  (Connolly -Pacific) 
Quarry  on  Santa  Catalina  Island. 


Table  G.  Rock  Quarry  Locations. 


Quarry 

Nearest  City 

Minimum  Distance 
to  Site  (mi) 

Atkinson 

Riverside 

18 

Corona-Pacific 

Corona 

9 

Declezville 

South  Fontana 

18 

Fish  Canyon 

Azusa 

22 

Harlow 

Corona 

11 

Pebbly  Beach 

Avalon  (Santa  Catalina 

Is.)  30 

Slover  Mountain 

Colton 

2H 

Stringfellow 

Riverside 

18 

3M 

Corona 

10 

During  construction,  suitable  stone  may  also  be  reclaimed  from  portions 
of  the  existing  levees  (see  paragraph  5— 1 ^ ) .  Reach  3  from  Katella 
Avenue  to  Santiago  Creek  would  provide  stone  suitable  for  reuse  as  slope 
protection.  Armor  stone  currently  in  place  on  the  existing  jetties 
could  be  utilized  in  the  jetty  reconstruction. 

Stone  Quality 

7-18  Results  of  recent  quality  compliance  tests  conducted  by  SPD 
laboratory  on  stone  samples  from  the  quarries  listed  in  table  G  and  from 
the  existing  levees  are  summarized  in  table  10.  In  addition,  the  most 
recent  Corps  of  Engineers  project  associated  with  each  quarry  source  is 
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shown.  Although  the  quarries  listed  in  table  10  have  provided  suitable 
stone  for  Corps  projects  in  the  past,  restrictions  were  placed  on  recent 
usage  of  stone  from  the  Harlow  Quarry  near  Corona.  Stone  from  this 
source  was  accepted  for  use  only  as  grouted  stone  in  the  Warm  Creek- 
Santa  Ana  River  Confluence  project  because  of  the  breakdown  which 
occurred  during  the  June  1985  wetting  and  drying  test.  Despite  high 
abrasion  losses  shown  for  the  Pebbly  Beach  and  Declezville  quarries,  and 
a  sulfate  soundness  loss  much  greater  than  the  specified  limit  of  10 
percent  for  the  Pebbly  Beach  source,  stone  from  both  quarries  has 
previously  been  accepted  for  use  on  Corps  projects  based  on  proven 
satisfactory  service  records.  Stone  from  Declezville  was  placed  in  the 
San  Pedro  Breakwater,  completed  in  1912,  and  has  shown  no  appreciable 
deterioration  since  that  time.  Stone  from  Pebbly  Beach,  despite  its 
heterogeneous  character,  has  given  good  service  in  the  Long  Beach  and 
Middle  Breakwaters,  beginning  in  the  mid-1930's. 

7-19  Results  of  quality  compliance  tests  conducted  in  February  1988  on 
samples  of  the  existing  levee  riprap  indicate  an  overall  improvement  in 
rock  quality  between  reaches  1  and  3  (see  table  10).  However,  the  test 
results  do  not  accurately  reflect  the  deteriorating  physical  condition 
of  the  volcanic  andesite  rock  in  reaches  1  and  2.  Although  the  rock 
types  common  to  each  reach  passed  the  wetting  and  drying  tests,  the 
andesite,  which  is  diagnostic  of  Harlow  Quarry,  has  demonstrated  an 
unsatisfactory  service  record  because  of  its  tendency  to  breakdown  along 
incipient  fractures.  This  fact  in  itself  would  make  the  riprap  on  the 
existing  levees  between  Weir  Canyon  Road  and  Katella  Avenue  unsuitable 
for  reuse  as  slope  protection  and  might  preclude  or  restrict  the  use  of 
stone  from  Harlow  Quarry  on  the  project. 

Stone  Assessment 

7-20  More  than  one  source  may  be  required  to  supply  the  estimated 
500,000  plus  cubic  yards  of  riprap  required  for  the  Lower  Santa  Ana 
River  project.  Suitable  stone  may  be  available  form,  additional  quarries 
in  the  Riverside-Corona  area  or  from  other  locations,  but  information  on 
these  potential  sources  is  not  included  in  table  10  due  to  lack  of 
either  recent  test  data  or  service  records  on  Corps  projects.  Although 
the  majority  of  the  sources  have  produced  acceptable  stone  in  the  past, 
it  cannot  be  assumed  that  they  will  continue  to  do  so.  Therefore,  any 
stone  source  considered  for  use  as  slope  protection  will  require  further 
field  inspection  and  evaluation,  and  may  require  additional  quality 
compliance  testing  prior  to  stone  placement. 

Revetment 

7-21  Stone  revetment  meeting  the  gradation  requirements  as  analyzed  in 
paragraph  6-08  can  be  placed  with  conventional  methods  from  either  the 
top  or  bottom  of  the  levee.  Care  must  be  taken  during  placement  to 
prevent  segregation  and  unnecessary  displacement  of  the  underlying 
filter  or  bedding  layers.  Riprap  stone  gradations,  for  each  dry 
thickness  presented  in  the  hydraulic  design,  are  as  follows: 
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Table  H.  Riprap  Gradations. 


v 


f 

\ 


Riprap  -  12"  thickness 


Approximate  Weight 
of  Individual  Pieces  (lbs) 

Percent  Passing 
(by  weight) 

86 

100 

35 

65-100 

26 

50-70 

17 

15-50 

5 

0-15 

Riprap  -  15"  thickness 

Approximate  Weight 

Percent  Passing 

of  Individual  Pieces  (lbs) 

(by  weight) 

169 

100 

67 

65-100 

50 

50-70 

34 

15-50 

11 

0-15 

Riprap  -  18"  thickness 


Approximate  Weight 
of  Individual  Pieces  (lbs) 

Percent  Passing 
(by  weight) 

292 

100 

117 

65-100 

86 

50-70 

58 

15-50 

18 

0-15 

Riprap  -21"  thickness 


Approximate  Weight 
of  Individual  Pieces  (lbs) 

Percent  Passing 
(by  weight) 

463 

100 

185 

65-100 

137 

50-70 

93 

15-50 

29 

0-15 
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Riprap  -  24"  thickness 


Approximate  Weight 
of  Individual  Pieces  (lbs) 


Percent  Passing 
(by  weight) 


691 

276 

205 

138 

43 


100 

65-100 

50-70 

15-50 

0-15 


Riprap  -  36"  thickness 


i 


Approximate  Weight 
of  Individual  Pieces  (lbs) 


Percent  Passing 
(by  weight) 


2333 

933 

691 

467 

146 


100 

65-100 

50-70 

15-50 

0-15 


Riprap  -  48"  thickness 


Approximate  Weight 
of  Individual  Pieces  (lbs) 


Percent  Passing 
(by  weight) 


5520 

2200 

1647 

1111 

350 


100 

65-100 

50-70 

15-50 

0-15 


Filter  Stone 

7-22  Layers  of  filter  stone  can  be  placed  with  conventional 
construction  methods.  Recommendations  for  filter  stone  are  as  follows: 

1.  The  layer  thickness  of  filter  stone  will  be  in  accordance  with 
the  table  presented  in  subparagraph  6-08. 

2.  Filter  fabric  is  an  alternative  to  filter  stone  in  areas  where 
dewatering  is  a  concern,  since  placing  filter  stone  under  water 
could  cause  segregation.  If  filter  stone  is  placed  under  water, 
a  50  percent  thicker  layer  should  be  used. 

3.  Filter  fabric  will  be  used  in  the  higher  energy  revetment 
sections  downstream  of  Pacific  Coast  Highway  in  order  to 
eliminate  both  segregation  concerns  and  multiple  layer  costs. 
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4.  The  filter  stone  gradation  of  the  12-,  15-,  18-,  21-  and  24-inch 
thick  riprap  stone  follows: 


Table  I.  Filter  Stone  Gradation. 


Sieve  Size 


Percent  Finer 


(by  weight) 


3  inch 
1-1/2  inch 
1  inch 
1/2  inch 


No.  4 


100 

65-100 

50-85 

15-50 

0-15 


7-23  Filter  fabric  will  have  an  equivalent  opening  size  (EOS)  of  70  and 
should  be  nonwoven  to  prevent  tearing.  A  15  percent  increase  in  slope 
area  should  be  considered  in  estimating  filter  fabric  requirements,  to 
consider  the  effects  of  lapping  and  bunching.  Filter  fabric  would  need 
to  be  anchored  at  the  top  and  the  bottom,  and  protected  from  puncture 
with  an  overlying  layer  of  crushed  rock.  The  top  and  bottom  can  be 
anchored  in  narrow  trenches  at  the  top  and  bottom  of  the  levee  by 
placing  the  edge  of  the  fabric  in  the  trench  and  backfilling  with  soil. 

A  6-inch  thick  (9-inch  when  placed  in  wet)  layer  of  crushed  rock  or 
sandy  streambed  materials  on  top  of  the  fabric  would  cushion  the  fabric 
from  the  impact  of  larger  stones  during  the  placement  of  the  revetment. 
Steambed  materials  would  be  placed  with  a  controlled  drop  height  not  to 
exceed  12-inches,  and  would  not  be  used  as  bedding  in  higher  energy 
areas  (i.e, ,  when  dry  riprap  thicknesses  exceed  24-inches).  Splicing 
segments  of  filter  together  in  the  field  would  be  in  accordance  with  the 
manufacturer's  recommendations. 

Grouted  Stone 

7-24  Stone  to  be  grouted  can  be  placed  with  the  same  methods  and 
equipment  used  to  place  stone  revetment.  No  filter  layer  would  be 
required  beneath  the  grouted  stone.  If  groundwater  is  present  near  the 
surface,  dewatering  of  the  toe  excavation  may  be  necessary  to  carry  out 
the  grouting  operation.  For  estimating  purposes,  the  volume  of  grout 
may  be  expected  to  be  about  30  percent  of  the  calculated  volume  of  the 
grouted  stone  layer.  For  a  15-inch  layer  of  grouted  stone,  the  stone 
would  be  well  graded  and  vary  in  size  from  3  to  12-inches  in  diameter. 


Drop  Structure  and  Stabilizer  Construction 
REQUIRED  EXCAVATION 

7-25  The  proposed  invert  structures  will  be  founded  on  the  native 
invert  materials.  The  invert  will  be  excavated  to  an  average  depth  of 
about  5  feet  for  invert  stabilizer  construction,  and  10  feet  for  the 
construction  of  the  drop  structures.  Temporary  slopes  will  not  be 
steeper  than  4V  on  3H. 
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7-26  The  excavation  will  be  kept  free  of  standing  water  during 
construction.  Any  surface  flows  will  be  diverted  around  the 
construction  area  by  means  of  temporary  dikes.  Seepage  into  the 
excavation  will  be  removed  by  means  of  pumping  from  sumps.  The  pumping 
rate  to  dewater  the  drop  structure  excavations  is  conservatively 
estimated  to  be  not  more  than  200  gpm,  based  upon  an  open  excavation  of 
half  the  channel  width.  Dewatering  rates  for  the  invert  stabilizer 
excavations  would  be  less  than  half  of  that  for  the  drop  structures. 

FOUNDATION  PREPARATION  AND  BACKFILL 

7-27  The  foundation  subgrade  surface  will  be  trimmed  and  proof-rolled 
to  a  smooth  and  uniform  grade  prior  to  any  structural  improvement. 

7-28  The  backfill  and  fill  materials  will  be  selected  from  the  required 
excavation.  Materials  with  greater  than  20  percent  fines  should  not  be 
used  as  backfill  for  the  breast  walls.  The  backfill  will  be  placed  in 
1-foot  lifts  and  will  be  compacted  to  not  less  than  90  percent  of 
maximum  density  as  determined  by  ASTM  method  D  1557.  Fill  materials 
will  be  placed  on  surfaces  that  have  been  cleared  and  scarified  to  a 
depth  of  6  inches.  Sloped  ground  surfaces  steeper  than  one  vertical  to 
4  horizontal  will  be  flattened  or  stepped  so  that  the  compaction 
equipment  will  bear  fully  on  the  fill  layer.  The  fill  will  be  compacted 
to  not  less  than  95  percent  of  maximum  density. 

GEOMETRY 

Invert  Structure  Stone 

7-29  The  invert  structure  stone  will  be  placed  to  the  dimensions  shown 
in  figures  5  and  6.  The  stone  will  be  graded  as  presented  in  following 
table.  Grouted  stone  will  be  placed  in  a  uniform  mass  in  order  to 
eliminate  double  decking  or  layering  of  the  stone. 


Table  J.  Invert  Structure  Stone  Gradations. 


Gravel  Drain( 1-1/2  inch  crushed  rock) 


Sieve  Size 


Percent  finer 
(by  weight) 


1-1/2  inch 
1  inch 
3/1*  inch 
3/8  inch 
No.  4 


100 

90-100 

55-90 

8-20 

0-5 
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Bedding  Stone 


Weight  of  individual 

Percent  Finer 

Pieces  (Pounds) 

(by  weight) 

85 

100 

35 

65-100 

15 

15-50 

5 

0-15 

Derrick  Stone 

7-30  The  derrick  stone  will  be  approximately  36  Inches  in  diameter, 
will  extend  30  feet  upstream  and  downstream  of  the  structure.  On  the 
downstream  portion,  the  stone  will  slope  downward  at  a  IV  on  2H  slope. 
The  thickness  of  the  derrick  stone  will  be  5  feet  with  2  feet  of  bedding 
stone,  a  layer  of  filter  fabric,  and  6  inches  of  bedding  sand  (raked, 
native  material,  3-inch  material)  beneath  the  derrick  stone  layer. 

Grouted  Stone 


7-31  The  grouted  cobblestone  will  be  reasonably  well  graded  between  3 
and  12  Inches. 

Drain  Blanket 

7-32  The  gravel  drain  material  and  6-inch  collector  drain  pipe  will  be 
placed  to  the  dimensions  shown  in  figure  5.  Additionally,  3-inch  weep 
holes,  10-foot  on  center,  will  drain  the  breast  wall  backfill.  The 
gravel  drain  material  will  be  graded  as  presented  in  the  previous 
table.  Segregation  and  contamination  of  the  drain  materials  will  be 
avoided.  The  gravel  drain  material  will  lie  over  a  filter  fabric  and 
6  inches  of  native  invert  materials  which  have  been  raked  of  +3-inch 
material.  The  grouted  stone  drop  structure  will  have  3-inch  diameter 
horizontal  weepholes  spaced  at  10  feet  on  center  and  will  be  placed 
one  foot  above  the  elevation  of  the  end  sill.  Each  weephole  will  be 
backed  with  a  one  cubic  foot  gravel  drain  pocket  completely  bound  by 
filter  fabric.  The  interface  between  the  gravel  pocket  and  the  grouted 
stone  will  be  separated  by  a  12-inch  by  12-inch  section  of  galvanized 
wire  mesh  (1/4  inch  openings).  The  gravel  drain  material  will  be 
1-1/2-inch  crushed  rock  as  shown  in  table  J. 

Levee  Pacing 

7-33  To  preclude  the  possibility  of  piping  around  the  invert 
structures,  the  grouted  stone  levee  facing  should  extend  not  less  than 
5  feet  below  the  deepest  portion  of  grouted  facing  stone  of  the  invert 
stabilizers,  or  10  feet  below  the  bottom  of  the  base  slab  of  the  drop 
structure . 


( 
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SANTA  ANA  CAHTCN  SHEETPILE 


7-34  At  the  drop  structure,  improvements  will  consist  of  extending  the 
steel  sheetpile  wall  23  feet  deep  on  both  sides  of  the  river  down  to  an 
elevation  of  435  feet.  Materials  in  this  drop  structure  area  should  not 
be  a  problem  for  standard  sheetpile  driving  procedures. 


Concrete  Channel  Construction 


CHANNEL  EXCAVATION 

7-35  From  Seventeenth  Street  to  Fairview  Channel,  the  proposed  concrete 
channel  will  be  founded  on  native  soil  and  will  be  constructed  by  open 
cut.  The  invert  will  be  excavated  up  to  a  depth  of  5  feet  below  the 
existing  streambed  surface.  Invert  materials  are  generally  medium  dense 
poorly  graded  sands  and  silty  sands.  In  addition  to  the  invert 
excavation,  it  will  be  necessary  to  cut  into  some  existing  levees  for 
construction  of  the  channel  walls  and  new  levee  slopes.  Temporary 
slopes  will  not  be  steeper  than  4V  on  3H. 

7-36  The  excavation  will  be  kept  free  of  standing  water  during 
construction.  Surface  flows  will  be  diverted  around  the  active 
construction  area  by  means  of  temporary  earth  dikes,  and  seepage  into 
the  excavation  will  be  controlled  by  means  of  pumping  from  3umps.  Based 
on  an  open  excavation  of  half  the  channel  width  and  5  feet  deep,  the 
pumping  rate  required  to  dewater  the  excavation  is  about  100  gpm  per 
100  feet  of  channel. 

FOUNDATION  PREPARATION 

7-37  In  areas  where  the  proposed  channel  invert  is  below  the  existing 
streambed,  the  subgrade  will  be  excavated  to  the  design  grade, 
approximately  1  foot  below  the  bottom  of  invert  slab  elevation,  then 
trimmed  to  a  uniform  grade.  The  subgrade  will  then  be  proof rolled  to 
95  percent  of  maximum  density  (ASTM  D  1557)  so  that  no  stone  protrudes 
more  than  3  inches  above  grade.  Any  soft  or  yielding  materials 
encountered  would  be  removed,  backfilled  with  select  material,  and 
recompacted  to  95  percent  of  maximum  density  (ASTM  D  1557).  Where  the 
proposed  channel  invert  is  above  the  existing  streambed,  fill  material 
from  the  required  excavation  will  be  placed  on  the  existing  grade  in 
compacted  lifts  no  thicker  than  12  inches.  Lifts  will  be  built  up  to 
the  design  grade  elevation  and  will  be  compacted  to  at  least  95  percent 
of  maximum  density  (ASTM  D  1557).  To  prevent  hydrostatic  uplift  of  the 
fill  and  paved  invert,  fill  material  placed  beneath  the  invert  will 
contain  not  more  than  15  percent  fines. 

SUBDRAIN  CONSTRUCTION 

7-38  The  subdrainage  system  in  the  Santa  Ana  River  Channel  will  be 
constructed  in  three  configurations,  and  a  fourth  configuration  will  be 
constructed  in  the  Greenville-Banning  Channel.  Each  configuration  will 
include  a  6-inch  gravel  drain  layer  placed  between  a  6-inch  thick  layer 
of  filter  sand  and  the  concrete  channel  invert.  The  subdrainage  system 
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for  the  downstream  end  of  the  rectangular  channel  will  consist  of  an 
8-inch  diameter  collector  (perforated)  pipe  placed  longitudinally  behind 
either  channel  wall  and  two  6-inch  diameter  collector  pipes  placed 
longitudinally  under  each  half  of  the  invert  slab  at  50  foot  spacings, 
starting  from  the  channel  wall  collector.  A  final  or  third  6-inch 
diameter  collector  pipe  will  be  placed  adjacent  to  either  side  of  the 
low  flow  channel,  inset  60  feet  from  the  previous  invert  collector.  The 
system  for  the  upstream  (narrower)  portion  of  the  rectangular  channel 
will  be  the  same  but  with  one  less  collector  pipe  and  constant  50  feet 
spacing.  The  subdrainage  system  for  the  trapezoidal  channel  will 
consist  of  three  6-inch  diameter  collector  pipes  placed  longitudinally 
under  each  side  of  the  invert  slab.  The  first  collector  will  be  under 
the  outer  edge  of  the  invert,  the  second  will  be  inset  30  feet,  and  the 
final  pipe  will  be  inset  40  additional  feet.  The  drain  and  filter 
materials  will  extend  up,  beneath  the  channel  slope  paving,  5  feet  above 
the  invert.  The  subdrainage  system  for  the  Greenville-Banning  Channel 
will  consist  of  one  10-inch  diameter  collector  pipe  behind  either  side 
of  the  channel  just  above  the  base  of  the  channel  walls. 

7-39  The  collector  pipes  under  the  invert  slab  will  empty  into  10-inch 
diameter  nonperforated  discharge  pipes.  The  nonperforated  pipes  will  be 
spaced  at  300  feet  for  the  lower  portion  of  the  rectangular  channel, 

400  feet  for  the  upper  portion  of  the  rectangular  channel,  and  600  feet 
for  the  trapezoidal  channel.  The  collector  pipes  behind  the  rectangular 
channel  L-walls  will  discharge  directly  through  a  flap  gate  in  the 
channel  wall.  Flap  gates  in  the  channel  walls  will  be  spaced  at 
500  feet  for  the  lower  portion  of  the  rectangular  channel,  and  600  feet 
for  the  upper  portion  of  the  rectangular  channel.  Flap  gates  in  the 
Greenville-Banning  channel  walls  will  be  spaced  at  300  feet  for  the 
rectangular  channel  and  600  feet  for  the  trapezoidal  channel. 

7-40  The  design  configuration  plates  for  the  subdrain  systems  are 
presented  within  the  Main  Report-Vol.  3. 

7-41  The  filter  and  gravel  drain  materials  will  be  graded  between  the 
standard  limits  specified  below: 


Table  K.  Subdrain  Stone  Gradations. 


Filter  Material  (Washed  Concrete  Sand) 


Percent  Finer 


Sieve 

Size 

(by  weight) 

3/8 

inch 

100 

No. 

8 

80-100 

No. 

16 

50-85 

No. 

30 

25-60 

No. 

50 

10-30 

No. 

100 

2-10 
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Gravel  Drain  (1-1/2  Inch  crushed  rock) 


1-1/2  inch 

100 

1  inch 

90-100 

3/4  inch 

55-90 

3.8  inch 

8-20 

No.  4 

0-5 

Care  will  be  taken  to  avoid  contamination  or  segregation  of  the  sand 
filter  and  gravel  drain  materials  daring  placement.  Precautions,  such 
as  use  of  light  equipment,  will  be  employed  to  ensure  uncontaminated 
layers  of  the  required  thickness. 

EMBANKM&fT  CONSTRUCTION 

7-42  The  existing  left  and  right  levees  of  the  Santa  Ana  River  Channel 
that  will  be  paved  as  a  trapezoidal  section  may  be  either  cut  back  or 
built  out,  depending  on  the  location,  in  order  to  create  the  new  channel 
alignment.  Conventional  heavy  construction  equipment  will  be  suitable 
for  excavation  of  existing  levees  and  construction  of  new  levee  fills. 
Fill  materials  will  come  from  the  required  levee  and  invert 
excavation.  Excavation  of  the  borrow  materials  may  be  accomplished  with 
self-propelled  scrapers  for  short  haul  distances  or  with  rubber-tired 
loaders  and  hauled  in  trucks  for  long  haul  distances.  Levee  fill  will 
be  placed  in  compacted  lifts  no  thicker  than  12  inches.  Fill  will 
contain  no  particles  greater  than  9  inches  and  will  be  compacted  to 
90  percent  of  maximum  density  ( ASTM  D  1557).  Where  new  fill  material  is 
placed  over  existing  levees,  the  levee  will  be  prepared  as  a  suitable 
foundation  by  removing  any  pavement  or  vegetation  and  flattening  or 
stepping  slopes  steeper  than  IV  on  4H  so  that  compaction  equipment  will 
bear  fully  on  the  compacted  layer. 

BACKFILL 

7-43  Structural  backfill  behind  the  rectangular  channel  L-walls  will 
consist  of  select  material  from  the  required  excavation.  Backfill 
materials  will  consist  of  sands  and  silty  sands  containing  no  particles 
larger  than  3/4  of  the  compaction  lift  thickness  and  no  more  than 
10  percent  passing  the  #200  sieve.  Backfill  will  be  placed  in  12-inch 
thick  loose  lifts  and  compacted  to  not  less  than  90  percent  of  maximum 
density  (ASTM  D  1557)  and  within  2  percent  of  optimum  moisture 
content.  Compaction  of  backfill  material  will  be  accomplished  by  means 
which  do  not  overstress  the  L-wall.  Mechanical  hand  tampers  may  be 
employed,  but  heavy  equipment  will  not  be  permitted  within  3  feet  of  the 
wall. 
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Beach  Disposal 


ACCEPTABLE  INVERT  EXCAVATION 

7-44  The  acceptable  invert  materials  for  beaches  are  shown  in  the 
figure  7  series  of  compatibility  envelopes,  as  described  in 
paragraph  6-28.  Acceptable  materials  have  been  identified  only  to  the 
depth  of  the  proposed  invert .  All  composite  areas  of  required  invert 
excavation  (see  table  9)  are  useable  for  beach  placement.  Because 
ii  vert  materials  are  subject  to  change  during  periods  of  significant 
channel  flow,  the  suitability  of  any  required  excavation  designated  for 
placement  on  the  beach  should  be  monitored  during  construction. 
Acceptable  materials  are  identified  only  by  grain  size  in  this  appendix. 

PLACEMENT 

7-45  The  method  of  placing  renourishment  materials  on  a  beach  is  a 
critical  factor  in  retaining  the  materials.  Specific  methods  of 
placement  and  geometry  will  be  presented  in  the  Coastal  Design  Appendix. 
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VIII 


CONCRETE  MATERIALS 


GENERAL 

8-01  This  section  discusses  the  availability  and  suitability  of 
concrete  materials.  Prior  to  the  preparation  of  plans  and 
specifications,  a  detailed  concrete  materials  investigation  will  be 
prepared  for  the  concrete  structures.  The  scope  of  the  investigation 
will  be  in  accordance  with  the  requirements  of  EM  1110-2-2000,  Standard 
Practice  for  Concrete,  dated  5  September  1985. 


Aggregate  Sources 


GENERAL 

8-02  The  following  paragraphs  summarize  the  potential  sources  of 
concrete  materials  available  for  the  project.  The  material  sources 
listed  are  representative  of  those  currently  used  by  the  local 
producers.  Plate  39  shows  the  locations  of  aggregate,  cement,  and 
pozzolan  sources.  Detailed  investigations,  which  evaluate  the  quality 
of  the  aggregates  from  those  sources  are  in  progress.  Additional 
sources  will  be  investigated  and  the  complete  analysis  of  the  results 
will  be  presented  in  the  Feature  Design  Memorandum  addressing  major 
items  of  concrete  construction. 

BLUE  DIAMOND  MATERIALS 

8-03  This  producer  of  concrete  aggregate  is  located  on  an  alluvial  sand 
and  gravel  deposit  along  the  Santiago  Creek  in  Irvine,  CA.  Blue  Diamond 
has  been  at  this  location  for  12  years  and  expects  to  be  in  production 
there  for  a  minimum  of  8  more.  The  plant  produces  1-1/2"  aggregate, 

3/8"  pea  gravel,  and  washed  concrete  sand.  Additionally,  the  plant 
produces  3/1*",  1/2",  and  3/8"  crushed  rock  as  well  as  some  boulders  of 
up  to  three  foot  diameter.  The  plant  has  an  annual  output  of 
approximately  one  million  tons  and  is  located  28  mile3  from  the  Santa 
Ana  River  at  both  Prado  Dam  and  its  juncture  with  Pacific  Coast  Highway. 
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FOSTER  SARD  AND  GRAVEL 


8-04  Foster  Sand  and  Gravel  is  located  along  Temescal  Wash  near  Corona, 
California,  and  consists  of  an  alluvial  sand  deposit.  Foster  has  been 
at  this  location  since  1972  and  expects  to  be  in  production  there  for  a 
minimum  of  25  more  years.  The  plant  produces  chiefly  sand  for  fine 
aggregate  although  about  15  percent  of  its  output  consists  of  1  inch 
aggregate  and  3/8  inch  pea  gravel.  The  plant  has  an  annual  output  of 
approximately  one  million  tons  and  is  located  15  miles  from  the  Santa 
Ana  River  at  Prado  Dam  and  45  miles  from  the  river  at  Pacific  Coast 
Highway.  Located  in  the  immediate  vicinity  of  Foster  are  several  other 
producers  of  sand  for  use  in  concrete  including  R.J.  Noble,  Chandler, 
Concrete  Products  Inc.,  and  C.L.  Pharris. 

OWL  ROCK 

8-05  The  Owl  Rock  Plant  in  Rialto  has  been  located  along  Lytle  Creek 
since  1955  and  expects  to  be  in  production  there  for  a  minimum  of 
80  more  years.  The  site  consists  of  an  alluvial  deposit  and  produces 
1-1/2  inch  and  1  inch  aggregate,  3/8  inch  pea  gravel,  and  washed 
concrete  sand.  The  plant  has  an  annual  output  of  almost  two  million 
tons  and  is  located  30  miles  from  the  Santa  Ana  River  at  Prado  Dam  and 
60  miles  from  the  river  at  Pacific  Coast  Highway.  While  this  source  is 
not  located  in  the  immediate  vicinity  of  the  project  area  it  is  included 
here  because  it  supplies  aggregate  to  many  ready  mix  firms  which  are  in 
the  project  area. 

TRANSIT  MIXED  CONCRETE 

8-06  Transit  Mixed  Concrete  mines  a  deposit  along  the  San  Gabriel  River 
in  Azusa,  CA  which  is  alluvial  in  nature.  Transit  Mixed  has  been  at 
this  location  for  over  40  years  and  expects  to  be  in  production  there 
for  a  minimum  of  15  more  years.  The  plant  produces  1-1/2  inch  and 
1  inch  aggregate,  3/8  inch  pea  gravel,  and  washed  concrete  sand  and  has 
an  annual  output  of  over  three  million  tons.  It  is  located  25  miles 
from  the  Santa  Ana  River  at  Prado  Dam  and  approximately  45  miles  from 
the  river  at  Pacific  Coast  Highway.  Located  in  the  immediate  vicinity 
of  Transit  Mixed  are  several  other  aggregate  producers  including  Blue 
Diamond  Materials  and  Cal  Mat. 


Cementitious  Materials 


CEMENT  SOURCES 

8-07  There  are  a  relatively  wide  variety  of  cement  producers  in  and 
near  the  Los  Angeles  Basin  which  are  capable  of  supplying  cement 
certified  by  the  Corps  of  Engineers  ongoing  cement  certification  program. 
Among  these  plants  are  the  California  Portland  Cement  Company  plant  at 
Colton,  the  Kaiser  Cement  Company  plant  at  Lucerne  Valley,  the 


A-VIII-2 


Southwestern  Cement  Company  plant  at  Victorville,  and  the  Riverside 
Cement  Company  plant  at  Riverside.  All  of  these  plants  are  in  the  state 
of  Califorina.  The  following  paragraphs  summarize  the  types  of  cements 
which  these  plants  produce.  Table  L  supplies  prices  of  various  cements 
from  the  sources  specified,  and  Table  M  contains  cost  data  on  the 
shipping  of  cement. 

8-08  The  California  Portland  Cement  Company  plant  at  Colton,  located 
approximately  25  miles  north  of  Prado  Dam  and  55  miles  north  of  the 
Santa  Ana  River's  juncture  with  the  Pacific  Coast  Highway,  produces  Type 
II  and  III  cements  conforming  to  the  requirements  of  ASTM  C-150. 

8-09  The  Kaiser  Cement  Company  plant  in  the  Lucerne  Valley,  located 
approximately  89  miles  north  of  Prado  Dam  and  119  miles  north  of  the 
Santa  Ana  River's  juncture  with  the  Pacific  Coast  Highway,  produces 
Type  II  cement  conforming  to  the  requirements  of  ASTM  C-150.  This  plant 
also  produces  a  blended  cement  conforming  to  the  requirements  of 
ASTM  C-595 ,  Type  IP. 

8-10  The  Riverside  Cement  Company  plant  at  Riverside,  California, 
located  approximately  17  miles  west  of  Prado  Dam  and  47  miles  northeast 
of  the  Santa  Ana  River's  juncture  with  the  Pacific  Coast  Highway, 
produces  Type  II  cement  conforming  to  the  requirements  of  ASTM  C-150. 

8-11  The  Southwest  Cement  Company  plant  at  Victorville,  California, 
located  approximately  66  miles  north  of  Prado  Dam  and  96  miles  north  of 
the  Santa  Ana  River's  juncture  with  the  Pacific  Coast  Highway,  produces 
Type  II  and  V  cements  conforming  to  the  requirements  of  ASTM  C-150. 


Table  L.  Cement  Prices  in  Dollars  Per  Ton. 
(FOB  Plant,  December  1987) 


Cement 

Type 

Cement  Plant  and  Location 

IP  II 

III  V 

California  Portland,  Colton 

73.00 

78.00 

Kaiser,  Lucerne  Valley 

74.30  60.00 

- 

Southwestern,  Victorville 

64.00 

80.30 

Riverside  Cement,  Riverside 

63.00 

-  “ 

( 
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Table  M.  Cement  Shipping  Prices  in  Dollars  Per  Ton. 
(December  1987) 


Distance 

(Miles) 

Cost 

Distance 

(Miles) 

Cost 

Distance 

(Miles) 

Cost 

3-5 

3.142 

30-35 

4.480 

7.828 

5-10 

3.296 

35-40 

5.200 

80-90 

8.446 

10-15 

3.450 

40-45 

5.922 

90-100 

9.012 

15-20 

3.760 

45-50 

6.386 

100-110 

9.682 

20-25 

3.966 

50-60 

6.902 

110-120 

10.300 

25-30 

4.224 

60-70 

7.314 

120-130 

11.072 

POZZOLAN  SOURCE 

8-12  ETL  1110-1-127,  dated  17  August  1984  requires  the  Federal 
Government  to  allow  the  use  of  flyash  in  concrete  construction  except  in 
those  cases  where  it’s  use  can  be  proven  to  be  undesirable.  The  local 
practice  of  the  ready-mix  concrete  industry  is  to  use  flyashes  as 
pozzolanic  admixtures  in  concrete.  The  reasons  for  this  is  the 
reduction  of  heat  of  hydration,  reduction  in  cost  due  to  the  price  of 
flyashes  in  comparison  to  the  price  of  cement,  increased  workability  at 
lower  water  contents,  and  the  reduction  in  the  alkali-aggregate 
reaction.  The  practice  of  local  agencies  is  to  specify  Type  F  flyash 
generally  conforming  to  the  requirements  of  ASTM  C-618.  The  Corps  of 
Engineers  has  recently  started  a  program  to  evaluate  the  quality  and 
uniformity  of  flyashes  and  has  set  up  a  certification  plan,  for 
flyashes,  similar  to  the  one  used  for  cements.  Materials  conforming  to 
these  requirements  are  produced  at  the  plants  shown  on  plate  39. 

8-13  The  closest  local  producer,  the  Western  Ash  Company,  supplies 
flyash,  conforming  to  the  requirements  of  ASTM  C-618,  Type  F,  from  a 
plant  at  Page,  Arizona,  approximately  555  miles  northeast  of  Prado  Dam 
and  585  miles  northwest  of  the  juncture  of  the  Santa  Ana  River  and 
Pacific  Coast  Highway. 


Admixtures 

8-14  A  wide  variety  of  admixtures  are  regularly  used  by  ready-mix 
concrete  suppliers  in  southern  California.  These  include  all  of  the 
following:  air  entraining  agents,  accelerators,  relarders,  water 
reducers  and  high  range  water  reducers.  The  relatively  common  methods 
anticipated  for  construction  of  the  strutures  described  above  should  not 
require  any  specialty  admixtures  other  than  those  recommended  in  the 
section:  Recommendations. 


Hater 


8-15  Water  of  sufficient  quantity  and  suitable  quality  for  the 
production  of  concrete  will  be  available  from  local  municipal  water 
systems. 


Curing  Compounds 

8-16  A  wide  variety  of  curing  compounds  are  available  for  use  from  the 
aggregate  suppliers  to  the  local  ready-mix  concrete  industry.  Curing 
compounds  will  be  specified  in  accordance  with  project  requirements  and 
ASTM  C-309. 


Transit  Mixed  Concrete 

8-17  Commercial  ready  mixed  concrete  plants  are  located  within 
competitive  hauling  distances  of  all  sections  of  the  Santa  Ana  River 
downstream  of  Prado  Dam.  As  of  December,  1987  the  approximate  cost  of  a 
cubic  yard  of  concrete  in  the  project  area  is  $60. 


Recommendations 


AGGREGATES 

8-18  Aggregates  suitable  for  the  production  of  concrete  are  produced  at 
the  sources  previously  discussed.  These  sources  are  capable  of 
supplying  sufficient  amounts  of  aggregates  to  meet  the  needs  of  this 
project.  All  aggregates  used  shall  conform  to  the  requirements  of 
ASTM  C  33.  Coarse  aggregate  gradations  should  be  1-1/2  x  3/4,  1  x  No.  4 
as  described  in  CALTRANS  specifications,  or  should  be  size  No.  467, 

No.  57,  or  No.  67  as  described  in  ASTM  C  33,  as  required  by  the 
design/engineer.  All  aggregate  used  shall  conform  to  the  requirements 
of  AC I  350  and  ASTM  C  33  with  the  following  limitations. 

a.  Soft  particles:  2.0  percent. 

b.  Chert  as  a  soft  impurity  (defined  in  Table  3  of  ASTM  C  33): 

1.0  percent. 

c.  Total  of  soft  particles  and  chert  as  a  soft  impurity: 

2.0  percent. 

d.  Flat  and  elongated  particles  (long  dimension  more  than  5  times 
short  dimension):  15  percent. 

e.  Maximum  aggregate  size  shall  not  exceed  1-1/2  inches,  except 
where  structural  or  other  considerations  require  a  difference. 
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CEMENTS 


8-19  The  following  cements  and  requirements  will  be  specified. 

a.  Cement  would  be  Type  II,  low  alkali  (0.6  percent  maximum), 
conforming  to  the  requirements  of  ASTM  C-150. 

b.  Blended  cements  would  conform  to  the  requirements  of  ASTM  C-595, 
Type  IP. 

c.  For  applications  in  which  high  early  strengths  would  be  desired 
due  to  construction  scheduling,  ASTM  C-150,  Type  III  cement 
would  be  acceptable. 

POZZOLANS 

8-20  The  only  pozzolanic  materials  generally  in  use  locally  are  type  F 
flyashes  conforming  to  the  requirements  of  ASTM  C-618.  Specifications 
will  call  for  flyashes  conforming  to  the  requirements  of  ASTM  C-618, 

Type  F,  with  the  loss  in  ignition  limited  to  6  percent. 

ADMIXTURES 

8-21  Construction  of  the  structures  described  above  involve  relatively 
simple  construction  procedures.  The  necessity  for  sophisticated 
admixtures  is  not  anticipated.  However,  calcium  chloride  wil  not  be 
permitted  to  be  added  for  reinforced  concrete  because  of  the  deleterious 
effect  it  may  create  by  accelerating  the  corrosion  of  the  reinforcing 
steel  and  concrete  (ACI  201).  The  following  types  of  admixtures  will  be 
specified  in  all  construction. 

Air  Entraining  Admixtures 

8-22  If  air-entrained  admixtures  are  used,  they  would  conform  to  the 
requirements  of  ASTM  C-260. 

Accelerating  Admixtures 

8-23  Accelerating  admixtures  will  conform  to  the  requirements  of 
ASTM  C-494,  Type  C,  except  that  no  calcium  chloride  will  be  allowed  in 
reinforced  concrete. 

Retarding  Admixtures 

8-24  Retarding  admixtures  will  conform  to  the  requirements  of 
ASTM  C-494,  Type  B  or  D. 

Hater  Reducing  Admixtures 

8-25  Water  reducing  admixtures  will  conform  to  the  requirements  of 
ASTM  C-494,  Type  A  or  D. 
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MIX  PROPORTIONING 


8-26  All  materials  used  should  be  so  proportioned  as  to  produce  a  well 
graded  mixture  of  high  density  and  maximum  workability,  with  a  specified 
28-day  compressive  strength  of  3500  psi  (ACI  350),  except  where  special 
structural  or  other  considerations  require  concrete  of  greater  strength. 
The  water-cement  ratio  should  be  limited  to  .45  maximum  (ACI  211),  thus 
producing  a  very  dense  and  low  permeable  concrete.  Slump  in  the  range 
of  1  to  3  inches  is  recommended  for  workability. 
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TABLE  1 


TABLE  1  (cont.) 


TABLE  1  (cont.) 


T1.3 


T 1 .4 


Table  2.  Lower  Santa  Ana  River 


Major  Significant  Faults 


Fault 

Fault 

Length  (mi) 

Min.  Dist. 
to  Site  (mi) 

Epicenter 
Magnitude 
MCEa  MPEb 

Max. 

Accel 

MCE 

Rock0 
.  (g) 
MPE 

San  Andreas 

630 

32 

8.5. 

8.25 

0.25 

0.25 

Newport- 

35+ 

0  . 

7.0 

6.0 

0.70 

0.60 

Inglewood 

Whittier- 

145 

1 

7.5 

6.5 

0.73 

0.65 

Elsinore 

San  Jacinto 

145 

27 

7.5 

7.2 

0.20 

0.18 

Sierra  Madre 

60+ 

18 

7.0 

6.0 

0.25 

0.15 

Palos  Verdes 

40 

11 

7.0 

5.5 

0.35 

0.15 

a.  MCE:  Maximum  Credible  Earthquake,  from  Leeds  (1979). 

b.  MPE:  Maximum  Probable  Earthquake,  from  Leeds  (1979). 

c.  Data  in  columns  from  Schnabel  and  Seed  (1973)  and  Greensf elder 
(1974). 


Table  3.  Lower  Santa  Ana  River 


Significant  Earthquakes  (Richter  Magnitude  6+)  Since  1900a 


Min.  Dist 


Date 

Probable 

Causative  Fault 

Richter 

Magnitude 

to  site 
(mi) 

9/20/1907 

San  Andreas  (?) 

6.0 

42 

5/15/1910 

Elsinore  (?) 

6.0 

21 

10/23/1916 

9 

6.0 

96 

4/21/1918 

San  Jacinto 

6.8 

41 

7/23/1923 

San  Jacinto 

6.3 

33 

3/11/1933 

Newport-Inglewood 

6.3 

1 

3/25/1937 

San  Jacinto 

6.0 

90 

12/4/1948 

Mission  Creek 

6.5 

77 

2/9/1971 

San  Fernando  (Sierra  Madre) 

6.4 

51 

a.  From  Yerkes  (1985)  and  Real  and  others  (1978). 


Table  4.  Lower  Santa  Ana  River 


Channel  Foundation  Investigation  Reports 


Title 

Prepared  By 

Date 

Location 

Symbol 

Station 

reach 

Geotechnical  Evaluation 
of  Proposed  Improvements 
of  Santa  Ana  River  Channel 

Woodward-Clyde 

Consultants 

1/6/78 

WC78 

20-133 

Geotechnical  Investi¬ 
gation  Santa  Ana  River 
Channel  Improvements 

Woodward-Clyde 

Consultants 

1/17/77 

WC77 

50-190 

Dike  Stability  Investi¬ 
gation  Santa  Ana  River 

Woodward-McNeill 
&  Associates 

6/15/73 

WM73 

220-470 

Soils  Investigation, 

Santa  Ana  Interceptor  Sewer 

Geolabs- 
California,  Inc. 

7/27/71 

GC71 

225-702 

Soil  Investigation,  Santa 
Ana  River  Drop  Structures 

Moore  &  Taber 

5/31/78 

MT78 

558-701 

Santa  Ana  River  Study 

Moore  &  Taber 

3/19/64 

MT64 

605-1053 

Foundation  Investigation, 
Santa  Ana  River  Structures 

Moore  &  Taber 

4/3/68 

MT68 

638-686 

Foundation  Investigation, 
Santa  Ana  River  Levee 

W.A.  Wahler  & 
Associates 

7/24/69 

WA69 

708-854 

Buttress  Stabilization  of 
Burris  Sand  Pit 

Foundation 
Engineering  Co., 
Inc. 

4/15/75 

FE75 

730-820 

Stability  Investigation, 
Santa  Ana  River  Levee 

Moore  &  Taber 

5/13/66 

MT66 

737-796 

Preliminary  Site  Evalu¬ 
ation,  Santa  Ana  RJ  er 
Spreading  Basin  Development 

Woodward-McNeill 
&  Associates 

8/2/74 

WM74 

768-975 

Soil  Investigation,  Santa 
Ana  River  Channel 

Moore  &  Taber 

10/29/70 

MT70 

846-1057 

Soil  Investigation, 

Santa  Ana  River 

Interceptor  Sewer 

Southern  5/12/75 

California 

Testing  Laboratory 

SCT75 

910-1058 
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Table  4.  (Continued) 


Title 

Prepared  By 

Date 

Location 

Symbol 

Station 

Reach 

Soil  Investigation, 

Santa  Ana  River 
Interceptor  Sewer 

Southern 

California 

Testing 

Laboratory 

9/10/75 

SC75 

1112-1216 

Geotechnical  Investi¬ 
gation  Santa  Ana  River 
Drop  Structure  Weir 

Canyon  Road 

Moore  &  Taber 

3/12/80 

MT80 

1171-1196 

Foundation  Investi¬ 
gation  &  Analysis, 

Santa  Ana  River 

Geolabs- 

California, 

Inc. 

5/24/72 

GC72 

1171-1215 

T  4.2 


Table  5.  Lower  Santa  Ana  River 


Bridge  Foundation  Investigation  Reports 


Title 

Prepared  By 

Date 

Location 

Symbol 

Station 

Foundation  Investigation, 
Hamilton-Victoria  Bridge 
Across  Santa  Ana  River 

Orange  County 

3/31/76 

OC76 

82 

Foundation  Investigation, 
Adams  Ave.  Bridge  Across 
Santa  Ana  River 

Orange  County 

6/5/68 

OC68 

164 

Foundation  Investigation, 
Slater-Segestrom  Bridge 
Across  Santa  Ana  River 

Orange  County 

12/9/71 

0C71 

311 

Foundation  Investigation 
McFadden  Ave.  Bridge  Across 
Santa  Ana  River 

Orange  County 

12/15/75 

OC75 

421 

Foundation  Investigation, 
Seventeenth  Street  Bridge 
Across  Santa  Ana  River 

Orange  County 

8/20/75 

OC75 

513 

Soils  Logs  for  Garden 

Grove  Blvd.  Bridge  Across 
Santa  Ana  River 

Orange  County 

10/71 

0C71 

575 

Foundation  Investigation 
Weir  Canyon  Rd.  Bridge 
Across  Santa  Ana  River 

Moore  &  Taber 

8/26/82 

MT82 

1202 

T  5.1 


TABLE  6 


LOWER  SANTA  ANA  RIVER  SUMMARY  OF  EXPLORATIONS 

LOG  WATER  LOG 

STATION  NUMBER  DEPTH  EQUIPMNT  DATE  DEPTH  PLATE  SAMPLES 

(ft.)  (ft.) 


REACH  I 


1207+00R 

0801 

25.0 

B.A. 

10-31-84 

8 

F 

1171+50R 

0805 

27.0 

B.A. 

10-26-84 

8 

L,F 

1171+00L 

0806 

30.0 

B.A. 

11-19-84 

8 

L,F 

1171+00C 

0871 

15.0 

B.H. 

11-19-84 

5.0 

8 

I 

1148+00R 

0901 

40.5 

B.A. 

11-19-84 

18.0 

9 

L,F 

1148+00L 

0902 

40.0 

B.A. 

11-16-84 

9 

L,F 

1130+50R 

0903 

30.0 

B.A. 

10-29-84 

15.0 

9 

L,F 

1129+00L 

0904 

26.0 

B.A. 

11-14-84 

9 

L,F 

1115+OOR 

0905 

25.0 

B.A. 

11-20-84 

18.0 

9 

L/F 

1097+00R 

0906 

40.0 

B.A. 

10-31-84 

16.5 

9 

L,F 

1097+00L 

0907 

40.0 

B.A. 

11-14-84 

9 

L,F 

1080+00R 

1001 

30.0 

B.A. 

11-01-84 

10 

L,F 

1080+00L 

1002 

30.5 

B.A. 

11-13-84 

10 

L,F 

1080+OOC 

1071 

11.5 

B.H. 

11-19-84 

4.5 

10 

I 

1O62+00C 

1072 

13.0 

B.H. 

11-20-84 

5.0 

10 

I 

1063+40R 

1003 

30.0 

B.A. 

10-29-84 

16.0 

10 

L,F 

1062+00L 

1004 

30.0 

B.A. 

11-13-84 

10 

L,F 

REACH  II 

UPPER 

1046+00C 

1073 

15.0 

B.H. 

11-20-84 

10 

I 

1064+00R 

1005 

30.0 

B.A. 

11-12-84 

17.5 

10 

L,F 

1046+00L 

1006 

30.0 

B.A. 

11-12-84 

10 

L,  F 

1023+00R 

1101 

40.0 

B.A. 

10-30-84 

21.0 

11 

L,  F 

1023+00L 

1102 

39.0 

B.A. 

11-12-84 

11 

L,F 

1007+00C 

1108 

8.6 

B.A. 

11-15-84 

11 

I 

1007+00R 

1103 

35.0 

B.A. 

11-02-84 

11 

L,F 

1007+00L 

1104 

35.0 

B.A. 

11-09-84 

11 

L,  F 

985+00C 

1109 

7.0 

B.A. 

11-15-84 

11 

I 

985+00R 

1105 

35.0 

B.A. 

11-15-84 

18.0 

11 

L,F 

985+00L 

1106 

35.0 

B.A. 

11-07-84 

11 

L,F 

970+00L 

1107 

39.0 

B.A. 

11-09-84 

11 

L,F 

960+00R 

1201 

30.0 

B.A. 

11-20-84 

12 

L,F 

950+00R 

1202 

35.0 

B.A. 

11-05-84 

12 

L,F 

950+00L 

1203 

35.0 

B.A. 

11-08-84 

12 

L,F 

940+00L 

1204 

27.0 

B.A. 

11-08-84 

22.0 

12 

L,F 

930+00L 

1206 

34.0 

B.A. 

11-07-84 

12 

L,F 

920+00R 

1207 

30.0 

B.A. 

11-23-84 

22.5 

12 

L,F 

910+00L 

1208 

35.0 

B.A. 

11-14-84 

16.5 

12 

L,F 

900+00R 

1301 

33.0 

B.A. 

11-08-84 

17.4 

13 

L,F 

895+00L 

1302 

35.0 

B.A. 

11-14-84 

16.5 

13 

L,F 

885+00R 

1303 

35.0 

B.A. 

11-08-84 

20.0 

13 

L,F 

BA-BUCKET 

AUGER 

BH-BACKHOE 

FA=FLIGHT 

AUGER 

L™ LEVEE  F-FOUNDATION  I -INVERT 


T6.1 


TABLE  6  (Cont.) 

LOWER  SANTA  ANA  RIVER  SUMMARY  OF  EXPLORATIONS 


LOG 

STATION  NUMBER  DEPTH  EQUIPMNT  DATE 

(ft.) 


WATER  LOG 

DEPTH  PLATE  SAMPLES 

(ft.) 


REACH  II 
LOWER 


875+00R 

1304 

38.5 

B.  A. 

11-09-83 

19.5 

13 

L,F 

875+00C 

1309 

21.0 

B.  A. 

12-12-84 

18.0 

13 

I 

875+00L 

1305 

45.0 

B.  A. 

11-16-83 

17.0 

13 

L,F 

865+00L 

1306 

35.0 

B.  A. 

11-17-83 

17.0 

13 

L,F 

854+00C 

1372 

17.0 

B.H. 

11-23-84 

13 

I 

854+00L 

1307 

24.0 

B.  A. 

11-10-83 

21.0 

13 

L,  F 

854+00R 

1308 

40.0 

B.  A. 

11-17-83 

21.0 

13 

L,F 

840+00R 

1401 

35.0 

B.  A. 

11-23-83 

14 

L,F 

830+00L 

1402 

36.0 

B.  A. 

12-19-84 

14 

L,F 

820+00R 

1403 

40.0 

B.A. 

11-23-83 

14 

L,F 

820+00L 

1404 

34.0 

B.  A. 

11-19-83 

14 

L,F 

810+00R 

1405 

31.0 

B.A. 

11-25-83 

14 

L,F 

800+00L 

1406 

40.0 

B.A. 

11-21-83 

14 

L,F 

789+00C 

1472 

15.0 

B.H. 

11-23-84 

14 

I 

789+00R 

1407 

43.0 

B.A. 

11-28-83 

14 

L,  F 

789+00L 

1408 

40.0 

B.A. 

11-22-83 

29.0 

14 

L,  F 

780+00L 

1501 

34.5 

B.A. 

11-30-84 

15 

L,F 

771+OOR 

1502 

40.0 

B.A. 

11-28-83 

20.0 

15 

L,F 

771+00L 

1503 

40.0 

B.A. 

11-29-84 

15 

L,F 

760+00R 

1504 

35.0 

B.A. 

11-30-84 

15 

L,F 

753+00C 

1572 

15.0 

B.H. 

11-27-84 

3.5 

15 

I 

753+00R 

1505 

40.0 

B.A. 

12-04-84 

15 

L,F 

753+00L 

1506 

40.0 

B.A. 

11-06-84 

15 

L,F 

740+00L 

1507 

30.0 

B.A. 

11-27-84 

15 

L,F 

730+00L 

1508 

36.0 

B.A. 

11-27-84 

15 

L,F 

719+00C 

1573 

12.5 

B.H. 

11-27-84 

15 

I 

719+00R 

1509 

40.0 

B.A. 

11-05-84 

15 

L,F 

719+00L 

1510 

40.0 

B.A. 

11-26-84 

15 

L,F 

710+00L 

1601 

25.0 

B.A. 

12-04-84 

16 

L,F 

BA-BUCKET  AUGER 

BH-BACKHOE 

FA-FLIGHT  AUGER 

L- LEVEE 

F-FOUNDATION 

I-INVERT 
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TABLE  6  (Cont.) 


LOWER  SANTA  ANA  RIVER  SUMMARY  OF  EXPLORATIONS 


LOG 

STATION  NUMBER  DEPTH  EQUIPMNT  DATE 

(ft.) 


WATER  LOG 

DEPTH  PLATE  SAMPLES 

(ft.) 


REACH  III 

699+00C 

1671 

15.0 

B.H 

699+00R 

1602 

18.0 

B.  A 

699+00L 

1603 

25.5 

B.  A 

690+OOL 

1604 

26.0 

B.A 

680+00L 

1605 

36.0 

B.  A 

665+00L 

1606 

30.0 

B.A 

657+OOR 

1607 

36.0 

B.A 

657+00L 

1608 

30.0 

B.A 

657+00C 

1672 

15.0 

B.H 

644+OOL 

1701 

30.0 

B.A 

636+OOL 

1702 

40.0 

B.A 

622+00L 

1703 

31.0 

B.A 

615+50R 

1704 

30.0 

B.A 

615+00C 

1771 

15.0 

B.H 

614+00L 

1705 

30.0 

B.A 

601+50L 

1706 

27.0 

B.A 

590+00L 

1707 

35.0 

B.A 

574+00L 

1801 

23.0 

B.A 

572+00R 

1802 

31.5 

B.A, 

561+00R 

1803 

30.0 

B.A, 

561+00L 

1804 

20.0 

B.A, 

559+00L 

TH79-1 

S  30.0 

B.A, 

553+00R 

1807 

30.0 

B.A. 

548+50L 

1805 

27.5 

B.A. 

540+00R 

1806 

30.0 

B.A. 

535+00L 

1811 

26.0 

B.A. 

531+00R 

1808 

30.0 

B.A. 

11-29-84 

16 

I 

08-17-83 

16 

L 

08-17-83 

16 

L,  F 

08-16-83 

18.0 

16 

L,  F 

08-12-83 

16 

L,  F 

08-11-83 

14.0 

16 

L,F 

12-11-84 

16 

L,F 

08-10-83 

16 

L,F 

11-26-84 

1.0 

16 

I 

08-10-83 

17 

L,  F 

08-08-83 

21.0 

17 

L,  F 

08-08-83 

19.0 

17 

L,  F 

08-11-83 

29.5 

17 

L,F 

11-29-84 

17 

I 

08-05-83 

17 

L,  F 

08-04-83 

24.0 

17 

L,F 

08-04-83 

12.0 

17 

L,  F 

08-03-83 

18 

F 

08-01-83 

27.0 

18 

L,F 

08-01-83 

18 

L,F 

08-02-83 

16.0 

18 

L,F 

10-01-79 

27.5 

18 

F 

07-29-83 

24.0 

18 

L,F 

08-02-83 

20.0 

18 

F 

07-28-83 

26.0 

18 

L,F 

08-02-83 

18 

F 

07-28-83 

18 

L,F 

BA-BUCKET  AUGER  BH**BACKHOE  FA=FLIGHT  AUGER 


( 


L-LEVEE 


F-FOUNDATION 


1= INVERT 


TABLE  6  (Cont.) 

LOWER  SANTA  ANA  RIVER  SUMMARY  OF  EXPLORATIONS 

LOG  WATER  LOG 

STATION  NUMBER  DEPTH  EQUIPMNT  DATE  DEPTH  PLATE  SAMPLES 

(ft.)  (ft.) 


REACH  IV 


524+50R 

1809 

30.0 

B.A. 

522+50L 

1810 

29.0 

B.  A. 

518+00C 

TT79-22 

10.0 

B.H. 

518+00C 

1981 

5.0 

B.H. 

REACH  V 

UPPER 

508+80L 

1902 

30.0 

B.A. 

497+00C 

TT79-21 

1.0 

B.H. 

495+00L 

1903 

31.0 

B.A. 

485+00L 

1904 

29.0 

B.A. 

477+50C 

TT79-20 

1.0 

B.H. 

477+00C 

1582 

10.0 

B.H. 

474+00L 

1906 

31.5 

B.A. 

474+00R 

1905 

30.0 

B.A. 

468+00L 

1907 

31.5 

B.A. 

460+00L 

1908 

31.5 

B.A. 

458+00C 

TT79-19 

1.0 

B.H. 

449+00L 

2001 

31.5 

B.A. 

440+00L 

2002 

31.5 

B.A. 

437+50C 

TT79-18 

1.0 

B.H. 

437+50C 

2081 

10.0 

B.H. 

430+00L 

2003 

29.0 

B.A. 

420+00R 

2004 

31.5 

B.A. 

419+00L 

2005 

28.0 

B.A. 

418+00C 

TT79-17 

1.0 

B.H. 

410+00L 

2006 

28.0 

B.A. 

400+OOL 

2007 

30.0 

B.A. 

395+OOC 

TT79-16 

2.5 

B.H. 

395+00C 

2082 

4.0 

B.H. 

390+00L 

2008 

34.0 

B.A. 

380+00L 

2101 

31.0 

B.A. 

375+50C 

TT79-15 

1.0 

B.H. 

370+00R 

2102 

26.5 

B.A. 

370+00L 

2103 

31.0 

B.A. 

360+00L 

2104 

31.0 

B.A. 

358+00C 

TT79-14 

2.0 

B.H. 

07-28-83 

18 

L,F 

07-27-83 

18 

L,F 

07-13-79 

19 

I 

11-26-84 

19 

19 

19 

I 

07-26-83 

17.5 

19 

L,  F 

07-13-79 

19 

I 

07-26-83 

17.0 

19 

L,F 

07-22-83 

23.0 

19 

L,F 

07-13-79 

19 

I 

12-04-84 

19 

I 

07-22-83 

28.5 

19 

L,  F 

12-14-84 

19 

L,  F 

07-20-83 

24.0 

19 

L,  F 

07-19-83 

19 

L,F 

07-12-79 

19 

I 

07-18-83 

20 

L,F 

07-18-83 

22.0 

20 

L,  F 

07-12-79 

20 

I 

12-04-84 

20 

I 

07-07-83 

20 

L,  F 

07-19-83 

20 

L,  F 

07-07-83 

20 

L,F 

07-12-79 

20 

I 

07-06-83 

20 

L,  F 

07-01-83 

20 

L,  F 

07-11-79 

20 

I 

12-14-84 

20 

I 

06-30-83 

20 

L,  F 

06-24-83 

21 

L,  F 

07-11-79 

21 

I 

06-23-83 

21 

L,F 

06-27-83 

21 

L,  F 

06-28-83 

21 

L,  F 

07-10-79 

21 

I 

BA-BUCKET  AUGER 


BH-BACKHOE  FA-FLIGHT  AUGER 


L-LEVEE 


F-FOUNDATION  I- INVERT 


\ 


T6.4 


TABLE  6  (Cont.) 


LOWER  SANTA  ANA  RIVER  SUMMARY  OF  EXPLORATIONS 


LOG 

STATION  NUMBER  1 

DEPTH  EQUIPMNT 
(ft.) 

DATE 

WATER 

DEPTH 

(ft.) 

LOG 

PLATE 

SAMPLES 

REACH  V 
LOWER 
350+00L 

2105 

31.0 

B.A. 

06-29-83 

21 

L,F 

338+00L 

2106 

31.0 

B.  A. 

06-29-83 

21 

L,F 

337+50C 

TT79-13 

3.0 

B.H. 

07-10-79 

21 

I 

330+00L 

2107 

30.0 

B.A. 

12-13-83 

21 

L,F 

320+00R 

2201 

30.0 

B.A. 

12-22-83 

22 

L,F 

320+00L 

2202 

30.0 

B.A. 

12-17-84 

22 

L,F 

317+00C 

TT79-12 

3.5 

B.H. 

07-10-79 

22 

I 

310+00L 

2203 

30.0 

B.A. 

12-14-84 

22 

L,F 

300+00L 

2204 

31.5 

B.A. 

06-20-83 

22 

L,F 

299+00C 

TT79-11 

4.0 

B.H. 

07-10-79 

22 

I 

290+00L 

2205 

30.0 

B.A. 

06-16-83 

20.0 

22 

L,F 

280+00L 

2206 

30.0 

B.A. 

06-15-83 

21.0 

22 

L,F 

276+00C 

TT79-10 

4.0 

B.H. 

07-10-79 

22 

I 

276+00C 

2282 

3.0 

B.H. 

12-11-84 

22 

I 

270+00R 

2207 

28.5 

B.A. 

06-22-83 

22 

L,F 

270+00L 

2208 

30.0 

B.A. 

06-15-83 

20.0 

22 

L,F 

260+00L 

2209 

31.0 

B.A. 

06-14-83 

22 

L,F 

257+00C 

TT79-9 

10.0 

B.H. 

07-10-79 

23 

I 

246+00R 

2342 

30.0 

F.A. 

03-23-83 

16.5 

23 

L,F 

238+00L 

2301 

21.0 

B.A. 

12-06-84 

23 

F 

237+OOC 

TT79-8 

10.0 

B.H. 

07-09-79 

23 

I 

236+00R 

2344 

30.0 

F.A. 

03-23-83 

19.0 

23 

L,F 

227+50L 

2303 

9.5 

B.A. 

03-10-83 

6.5 

23 

F 

226+OOR 

2346 

30.0 

F.A. 

03-22-83 

15.0 

23 

L,F 

222+00L 

2305 

10.5 

B.A. 

03-10-83 

7.5 

23 

F 

217+OOL 

2307 

29.0 

B.A. 

03-07-83. 

23.0 

23 

L,F 

216+00C 

TT79-7 

10.0 

B.H. 

07-09-79 

23 

I 

216+00R 

2348 

30.0 

F.A. 

03-22-83 

14.0 

23 

L,F 

211+00L 

2309 

11.5 

B.A. 

03-07-83 

6.5 

23 

F 

206+00R 

2340 

30.0 

F.A. 

03-22-83 

19.0 

23 

L,F 

200+00L 

2311 

27.0 

B.A. 

02-28-83 

24.0 

23 

LfF 

199+00C 

TT79-6 

10.0 

B.H. 

07-09-79 

23 

I 

196+00R 

2332 

30.0 

F.A. 

03-18-83 

23 

L,F 

190+00L 

2401 

29.0 

B.A. 

02-28-83 

23.0 

24 

L,F 

185+00R 

2432 

30.0 

F.A. 

03-16-83 

18.0 

24 

L,F 

182+30L 

2403 

10.0 

B.A. 

03-07-83 

5.5 

24 

F 

179+78L 

2404 

30.0 

B.A. 

02-25-83 

24 

L,F 

177+50C 

TT79-5 

10.0 

B.H. 

07-06-79 

24 

I 

175+00R 

2435 

30.0 

F.A. 

03-16-83 

24 

L,F 

170+00L 

2406 

26.0 

B.A. 

02-25-83 

22.5 

24 

L,F 

157+OOL 

2407 

21.0 

B.A. 

03-08-83 

24 

L,F 

152+00R 

2438 

30.0 

F.A. 

03-16-83 

19.5 

24 

L,F 

147+00L 

2409 

23.5 

B.A. 

03-08-83 

18.5 

24 

L,F 

BA-BUCKET  AUGER  BH-BACKHOE  FA-FLIGHT  AUGER 

L-LEVEE  F— FOUNDATION  I- INVERT 


T6.5 


TABLE  6  (Cont.) 


LOWER  SANTA  ANA  RIVER  SUMMARY  OP  EXPLORATIONS 


LOG 

WATER 

LOG 

STATION  NUMBER 

DEPTH  EQUIPMNT  DATE 

DEPTH 

PLATE 

(ft.) 

(ft.) 

REACH  VI 


142+50R 

2440 

45.0 

F.  A. 

03-23-83 

19.0 

24 

140+00C 

TT79-4 

10.0 

B.H. 

07-06-79 

24 

138+50R 

2433 

45.0 

F.  A. 

03-25-83 

16.5 

24 

130+00L 

2531 

45.0 

F.A. 

03-31-83 

25.0 

25 

125+00L 

2532 

35.0 

F.A. 

03-31-83 

13.0 

25 

120+00R 

2533 

45.0 

F.A. 

03-25-83 

18.0 

25 

117+50C 

TT79-3 

10.0 

B.H. 

07-06-79 

25 

117+50C 

TT79-2 

4.0 

B.H. 

07-05-79 

25 

115+00L 

2534 

35.0 

F.A. 

04-01-83 

15.0 

25 

111+00L 

2535 

45.0 

F.A. 

03-10-83 

21.0 

25 

110+00R 

2536 

45.0 
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121.0 

12.0 

100 

19 

NP 

132.0 

5.0 

93 

8 

NP 

115.1 

7.7 

96 

3 

NP 

104.4 

10.7 

75 

23 

21 

8 

134.8 

5.7 

94 

4 

NP 

106.7 

4.6 

55 

10 

NP 

134.0 

7.3 

95 

12 

NP 

120.5 

4.5 

100 

70 

49 

25 

117.0 

13.5 

95 

4 

NP 

111.1 

13.8 

100 

86 

37 

17 

115.0 

14.2 

100 

78 

42 

20 

114.0 

15.5 

100 

61 

27 

10 

119.3 

12.1 

100 

86 

36 

14 

114.2 

12.9 

100 

75 

44 

:  22 

117.0 

12.6 

100 

73 

34 

13 

119.3 

11.5 

100 

37 

NP 

119.0 

11.0 

100 

76 

36 

15 

119.0 

13.5 

89 

4 

NP 

104.2 

3.3 

97 

23 

NP 

116.5 

6.8 

99 

14 

NP 

110.0 

12.2 

98 

5 

NP 

111.2 

12.5 

100 

80 

33 

10 

119.3 

11.0 

100 

32 

NP 

119.0 

12.0 

95 

4 

NP 

110.0 

7.0 

100 

13 

NP 

115.0 

10.0 

100 

94 

37 

12 

107.0 

19.0 

97 

12 

NP 

119.8 

9.0 

100 

54 

53 

28 

118.0 

11.5 

99 

13 

NP 

111.5 

12.9 

100 

82 

36 

10 

112.7 

13.2 

100 

66 

117.5 

12.2 

100 

23 

NP 

123.9 

7.9 

100 

54 

30 

13  1 

125.8 

9.2 

98 

43 

NP 

121.8 

11.2 

94 

9 

NP  1 

118.2 

10.4 

96 

20 

NP 

123.2 

9.2 

100 

59 

44 

22 

117.9 

9.9 

99 

47 

NP 

112.8 

8.0 

100 

10 

43 

20 

120.8 

11.8 

100 

87 

60 

34 

110.0 

17.0 
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LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

*10 

*16 

*40 

*100 

*200  | 

DIO 

D50 

D85 

015 

REACH- 1 

Right  Embankment 

UL 

100 

100 

99 

97 

94 

90 

82 

55 

33 

25  j 

0.00 

0.36 

1.52 

0.00 

Composite  Simmary 

UQ 

100 

98 

94 

89 

87 

81 

72 

35 

17 

13  j 

0.02 

0.73 

3.90 

0.11 

AVG 

99 

94 

90 

86 

82 

75 

66 

36 

17 

11  1 

0.06 

0.77 

8.18 

0.13 

LQ 

100 

92 

88 

83 

78 

71 

61 

29 

11 

7  j 

0.13 

0.92 

13.51 

0.21 

LL 

95 

89 

81 

77 

72 

66 

57 

27 

6 

3  j 

0.20 

1.01 

28.50 

0.26 

Right  Embankment 

UL 

100 

100 

100 

100 

99 

97 

95 

89 

80 

71  | 

0.00 

0.00 

0.30 

0.00 

Frequency  Simmary 

UQ 

100 

100 

98 

96 

92 

86 

77 

45 

20 

11  1 

0.07 

0.54 

1.91 

0.11 

AVG 

99 

94 

90 

86 

82 

75 

66 

36 

17 

11  1 

LQ 

100 

93 

85 

81 

75 

67 

57 

26 

7 

4  | 

0.19 

1.02 

19.05 

0.26 

LL 

84 

45 

42 

38 

34 

31 

27 

9 

2 

1  | 

0.46 

42.98 

77.18 

0.68 

Left  Embankment 

UL 

100 

100 

100 

100 

100 

98 

96 

86 

62 

42  j 

0.00 

0.10 

0.41 

0.00 

Frequency  Summary 

UQ 

100 

100 

97 

94 

90 

85 

75 

42 

21 

12  1 

0.06 

0.61 

2.00 

0.10 

AVG 

99 

95 

90 

86 

79 

74 

66 

36 

15 

10  | 

LQ 

100 

92 

85 

81 

73 

68 

60 

28 

9 

5  | 

0.16 

0.95 

19.05 

0.23 

LL 

81 

81 

69 

65 

8 

7 

5 

4 

3 

1  | 

4.93 

8.27 

76.20 

5.35 

Foundation 

UL 

100 

100 

100 

100 

100 

98 

97 

90 

90 

81  | 

0.00 

0.00 

0.11 

0.00 

Frequency  Sunaary 

UQ 

100 

100 

98 

96 

92 

86 

75 

42 

25 

16  | 

0.00 

0.61 

1.93 

0.07 

AVG 

99 

94 

89 

83 

77 

68 

59 

33 

19 

IS  1 

LQ 

100 

93 

86 

77 

68 

57 

43 

17 

6 

4  .  1 

0.25 

1.60 

17.99 

0.37 

LL 

67 

45 

42 

37 

31 

23 

16 

4 

1 

1  | 

0.31 

46.76 

1.13 

Invert 

UL 

100 

100 

100 

99 

98 

95 

86 

76 

68 

37  1 

0.00 

0.00 

0.39 

0.00 

Frequency  Summary 

UQ 

100 

100 

95 

89 

80 

71 

55 

18 

3 

2  1 

0.28 

1.09 

7.41 

0.37 

AVG 

96 

92 

88 

82 

75 

63 

49 

14 

3 

2  j 

LQ 

94 

89 

85 

74 

69 

59 

42 

8 

1 

o  ! 

0.47 

1.57 

19.05 

0.58 

LL 

70 

64 

63 

61 

58 

42 

27 

4 

0 

o  1 

0.62 

3.38 

0.79 

NOTE 

UL  =  UPPER  LIMITS 

UQ  *  UPPER  QUART I LE 

AVG  »  MEAN  (AVERAGE) 
LQ  s  LOWER  QUART I LE 

LL  *  LOWER  LIMITS 


T9.1 


TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

*10 

#16 

*40 

#100  #200  I 

i 

DIO 

DSO 

D85 

D15 

REACH-2 

1 

1 

(ABOVE  STA.880) 

1 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

99 

96 

89 

84  | 

0.00 

0.00 

0.09 

0.00 

Frequency  Sunaary 

UQ 

100 

100 

99 

98 

95 

91 

84 

56 

26 

16  | 

0.00 

0.37 

1.31 

0.07 

AVG 

100 

99 

96 

93 

90 

85 

78 

48 

23 

14  | 

LG 

100 

100 

95 

92 

88 

82 

74 

38 

14 

8  1 

0.10 

0.68 

3.38 

0.16 

LL 

79 

65 

60 

57 

53 

44 

38 

11 

4 

2  1 

0.38 

3.84 

92.53 

0.53 

Embankment 

UL 

100 

100 

98 

97 

95 

92 

86 

62 

44 

1 

34  | 

0.00 

0.24 

1.15 

0.00 

Composite  Simmary 

UQ 

100 

100 

98 

95 

92 

86 

80 

54 

27 

15  | 

0.00 

0.38 

1.89 

0.07 

AVG 

100 

99 

96 

93 

90 

85 

78 

48 

23 

14  | 

0.04 

0.47 

2.14 

0.09 

LQ 

100 

97 

94 

91 

87 

83 

75 

44 

17 

11  | 

0.05 

0.57 

3.30 

0.13 

LL 

96 

95 

93 

89 

83 

77 

67 

34 

11 

6  | 

0.14 

0.80 

6.41 

0.20 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

99 

96 

88 

1 

75  | 

0.00 

0.00 

0.13 

0.00 

Frequency  Sunnary 

UQ 

100 

100 

100 

98 

96 

91 

85 

51 

23 

15  | 

0.00 

0.41 

1.19 

0.07 

AVG 

99 

97 

94 

90 

86 

79 

71 

41 

22 

16  j 

LQ 

100 

96 

92 

87 

82 

69 

58 

25 

8 

4  | 

0.18 

1.00 

7.62 

0.26 

LL 

74 

65 

51 

40 

31 

23 

17 

8 

1 

0  1 
i 

0.59 

18.18 

1.02 

Invert 

UL 

100 

100 

98 

91 

79 

62 

43 

19 

7 

1 

4  1 

0.22 

1.49 

7.14 

0.33 

Frequency  Stannary 

UQ 

100 

100 

95 

85 

72 

54 

41 

17 

4 

3  | 

0.27 

1.75 

9.53 

0.38 

AVG 

94 

91 

82 

74 

64 

50 

38 

12 

3 

2  | 

LQ 

100 

81 

71 

63 

55 

46 

38 

9 

2 

1  | 

0.45 

3.23 

76.20 

0.58 

LL 

74 

69 

62 

54 

47 

39 

30 

8 

1 

0  1 

0.49 

6.80 

0.67 

NOTE 


UL 

= 

UPPER  LIMITS 

UQ 

= 

UPPER  QUART  I LE 

AVG 

3 

MEAN  (AVERAGE) 

LQ 

3 

LOWER  QUART  I LE 

LL 

3 

LOWER  LIMITS 

TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

#10 

#16 

#40 

#100  #200  I 

i 

010 

050 

085 

015 

REACH -2 

l 

1 

(BELOW  STA.880) 

1 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

99 

96 

89 

71  1 

0.00 

0.00 

0.13 

0.00 

Frequency  Sunmary 

UQ 

100 

100 

100 

99 

97 

93 

85 

52 

19 

12  j 

0.05 

0.40 

1.19 

0.11 

AVG 

100 

99 

97 

95 

92 

87 

78 

46 

19 

LQ 

100 

100 

97 

94 

90 

84 

73 

37 

9 

4 

0.16 

0.70 

2.46 

0.21 

LL 

80 

75 

69 

63 

49 

40 

32 

6 

0 

0  j 

i 

0.54 

5.10 

0.69 

Eniankment 

UL 

100 

100 

100 

100 

99 

96 

90 

63 

43 

1 

34  j 

0.00 

0.25 

1.04 

0.00 

Composite  Suimary 

UQ 

100 

100 

99 

98 

96 

91 

83 

51 

20 

13  j 

0.04 

0.41 

1.42 

0.09 

AVG 

100 

99 

97 

95 

92 

87 

78 

46 

19 

12  j 

0.05 

0.52 

1.83 

0.11 

LQ 

100 

99 

95 

92 

88 

83 

74 

37 

10 

5  | 

0.14 

0.69 

3.15 

0.20 

LL 

98 

92 

89 

82 

73 

64 

50 

13 

1 

0  | 
i 

0.35 

1.19 

13.61 

0.46 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

99 

96 

1 

92  | 

0.00 

0.00 

0.00 

0.00 

Frequency  Summary 

UQ 

100 

100 

100 

100 

99 

97 

93 

73 

48 

31  j 

0.00 

0.17 

0.88 

0.00 

AVG 

100 

98 

95 

91 

87 

83 

76 

51 

29 

22 

LQ 

100 

98 

95 

91 

85 

76 

66 

31 

8 

4  j 

0.17 

0.84 

4.76 

0.23 

LL 

76 

70 

56 

44 

33 

26 

22 

a 

1 

0  1 

1 

0.53 

14.29 

0.81 

Invert 

UL 

100 

100 

100 

100 

100 

99 

97 

90 

85 

1 

84  j 

0.00 

0.00 

0.15 

0.00 

Frequency  Sunmary 

UQ 

100 

100 

100 

99 

97 

92 

82 

37 

12 

5  j 

0.13 

0.64 

1.43 

0.18 

AVG 

100 

98 

95 

92 

87 

81 

72 

35 

13 

8  I 

LQ 

100 

97 

91 

89 

84 

76 

64 

21 

2 

1 

0.26 

0.94 

5.71 

0.33 

LL 

87 

80 

75 

60 

48 

42 

33 

6 

0 

0  1 

0  53 

5.55 

65.31 

0.68 

NOTE 

UL  =  UPPER  LIMITS 

UQ  =  UPPER  QUART  I LE 

AVG  -  MEAN  (AVERAGE) 
LQ  =  LOWER  QUART  I LE 

LL  =  LOWER  LIMITS 
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TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

#10 

#16 

#40 

#100  #200  | 
i 

DIO 

D50 

D85 

D15 

REACH-3 

1 

1 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

100 

99 

93 

90  j 

0.00 

0.00 

0.00 

0.00 

Frequency  Sunmry 

UQ 

100 

100 

100 

100 

99 

98 

91 

74 

42 

31  | 

0.00 

0.22 

0.92 

0.00 

AVG 

100 

99 

99 

98 

96 

93 

77 

58 

29 

21  | 

LQ 

100 

100 

99 

98 

96 

91 

67 

41 

9 

4 

0.16 

0.69 

1.80 

0.20 

LL 

99 

78 

66 

62 

54 

43 

35 

19 

1 

0  j 

1 

0.28 

3.76 

50.80 

0.36 

Embankment 

UL 

100 

100 

100 

100 

100 

97 

94 

92 

77 

1 

64  j 

0.00 

0.00 

0.30 

0.00 

Composite  Summary 

UQ 

100 

100 

100 

99 

98 

96 

87 

62 

25 

18  j 

0.00 

0.33 

1.14 

0.04 

AVG 

100 

99 

99 

98 

96 

93 

77 

58 

29 

21  | 

0.00 

0.35 

1.61 

0.01 

LQ 

100 

99 

99 

98 

96 

92 

71 

47 

13 

8 

0.10 

0.53 

1.73 

0.16 

LL 

100 

95 

91 

89 

85 

78 

62 

32 

1 

0  j 

1 

0.23 

0.88 

4.62 

0.27 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

99 

1 

99  | 

0.00 

0.15 

0.15 

0.00 

Frequency  Sunmary 

UQ 

100 

100 

100 

100 

100 

99 

98 

98 

91 

80  j 

0.00 

0.00 

0.11 

0.00 

AVG 

100 

99 

98 

97 

95 

93 

88 

79 

62 

51 

LQ 

100 

100 

100 

94 

98 

95 

81 

58 

29 

12  1 

0.07 

0.35 

1.42 

0.09 

LL 

95 

82 

64 

48 

35 

26 

20 

14 

1 

0  j 

0.34 

10.72 

46.89 

0.55 

Invert 

UL 

100 

100 

100 

100 

100 

99 

99 

98 

96 

1 

94 

0.00 

0.00 

0.00 

0.00 

Frequency  Simmery 

UQ 

100 

100 

100 

100 

100 

98 

97 

87 

68 

51 

0.00 

0.07 

0.39 

0.00 

AVG 

99 

99 

98 

97 

96 

92 

87 

56 

33 

27  | 

LQ 

100 

100 

99 

97 

95 

88 

81 

30 

3 

2 

0.22 

0.72 

1.65 

0.27 

LL 

95 

92 

89 

79 

69 

55 

40 

6 

0 

0  | 

0.51 

1.73 

15.24 

0.62 

NOTE 

UL  =  UPPER  LIMITS 

UQ  =  UPPER  QUART I LE 

AVG  =  MEAN  (AVERAGE) 
LQ  =  LOWER  QUART I LE 

LL  =  LOWER  LIMITS 
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TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

*10 

*16 

*40 

*100  *200  | 

DIO 

D50 

D85 

015 

REACH-4 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

100 

99 

93 

90  | 

0.00 

0.00 

0.00 

0.00 

Frequency  Stannary 

UQ 

100 

100 

100 

100 

100 

100 

99 

96 

78 

56  j 

0.00 

0.04 

0.25 

0.00 

AVG 

100 

100 

99 

98 

97 

95 

93 

79 

49 

34  j 

LQ 

100 

100 

100 

99 

98 

95 

91 

66 

23 

10  | 

0.07 

0.32 

1.01 

0.10 

LL 

100 

94 

88 

81 

70 

53 

42 

20 

6 

3  j 

0.23 

1.78 

14.97 

0.32 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

100 

98 

87 

68  j 

0.00 

0.00 

0.14 

0.00 

Composite  Sunnary 

UQ 

100 

100 

100 

99 

99 

97 

94 

83 

55 

39  j 

0.00 

0.12 

0.54 

0.00 

AVG 

100 

100 

99 

98 

97 

95 

93 

79 

49 

34  j 

0.00 

0.16 

0.74 

0.00 

LQ 

100 

100 

99 

98 

96 

94 

91 

73 

31 

21  j 

0.00 

0.27 

0.93 

0.04 

LL 

100 

99 

96 

93 

90 

86 

79 

52 

21 

8  j 

0.09 

0.40 

1.88 

0.12 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

99 

99  | 

0.00 

0.15 

0.15 

0.00 

Frequency  Sunnary 

UQ 

100 

100 

100 

100 

100 

100 

100 

98 

92 

82  j 

0.00 

0.00 

0.10 

0.00 

AVG 

100 

100 

100 

100 

100 

98 

98 

94 

80 

68  j 

LQ 

100 

100 

100 

100 

100 

98 

98 

93 

73 

57  | 

0.00 

0.04 

0.31 

0.00 

LL 

100 

91 

91 

83 

71 

63 

56 

41 

19 

10  j 

0.07 

0.88 

11.91 

0.12 

Invert 

UL 

100 

100 

100 

100 

100 

100 

99 

96 

76 

43  j 

0.00 

0.09 

0.27 

0.00 

Frequency  Summary 

UQ 

100 

100 

100 

100 

100 

94 

92 

62 

14 

9  1 

0.09 

0.35 

1.01 

0.15 

AVG 

100 

100 

100 

99 

98 

94 

91 

67 

25 

15 

LQ 

100 

100 

100 

100 

100 

94 

92 

62 

12 

9  j 

0.10 

0.35 

1.01 

0.17 

LL 

100 

100 

98 

95 

92 

87 

80 

51 

12 

4  j 

0.13 

0.41 

1.77 

0.17 

NOTE 


UL 

= 

UPPER 

LIMITS 

UQ 

= 

UPPER 

QUART I LE 

AVG 

= 

MEAN 

(AVERAGE) 

LQ 

= 

LOWER 

QUART  I LE 

LL 

= 

LOWER 

LIMITS 

) 
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LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

<4 

#10 

#16 

•40 

#100  #200  | 

DIO 

D50 

D85 

D15 

REACH-5 

(ABOVE  STA.350) 

1 

Embankment 

UL 

100 

100 

100 

100 

100 

99 

98 

93 

60 

36  | 

0.00 

0.12 

0.36 

0.00 

Composite  Somme ry 

UQ 

100 

100 

100 

99 

99 

97 

94 

75 

39 

21  i 

0.00 

0.23 

0.81 

0.05 

AVG 

100 

100 

99 

99 

98 

95 

90 

70 

34 

18  j 

0.00 

0.27 

1.00 

0.06 

LQ 

100 

100 

99 

98 

97 

94 

89 

67 

27 

14  | 

0.05 

0.31 

1.05 

0.08 

LL 

100 

99 

98 

96 

94 

91 

69 

47 

16 

7  | 

0.10 

0.51 

1.79 

0.14 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100  j 

0.00 

0.15 

0.15 

0.00 

Frequency  Sumary 

UQ 

100 

100 

100 

100 

100 

100 

99 

97 

87 

71  j 

0.00 

0.00 

0.14 

0.00 

AVG 

100 

100 

99 

99 

98 

96 

93 

77 

50 

38  | 

LQ 

100 

100 

100 

100 

99 

97 

92 

57 

14 

7 

0.11 

0.38 

1.04 

0.16 

LL 

100 

80 

64 

63 

41 

40 

37 

14 

1 

0  j 

1 

0.34 

6.71 

47.63 

0.45 

Invert 

UL 

100 

100 

100 

100 

100 

99 

98 

96 

89 

i 

81  | 

0.00 

0.00 

0.11 

0.00 

Frequency  Sumary 

UQ 

100 

100 

100 

100 

99 

98 

98 

96 

89 

81  j 

0.00 

0.00 

0.11 

0.00 

AVG 

100 

100 

99 

98 

95 

89 

84 

57 

35 

31  i 

LQ 

100 

100 

99 

98 

95 

82 

70 

33 

2 

1  j 

0.22 

0.77 

2.64 

0.26 

LL 

100 

96 

87 

73 

64 

56 

50 

14 

1 

0  j 

0.34 

1.19 

17.69 

0.44 

REACH-5 

1 

1 

(BELOW  STA.350) 

1 

Embankment 

UL 

100 

100 

100 

100 

100 

100 

99 

93 

69 

44  1 

0.00 

0.09 

0.33 

0.00 

Composite  Sianary 

UQ 

100 

100 

100 

100 

99 

98 

97 

85 

52 

30  j 

0.00 

0.14 

0.45 

0.00 

AVG 

100 

100 

100 

99 

99 

97 

95 

76 

41 

24  j 

0.00 

0.22 

0.79 

0.04 

LQ 

100 

100 

99 

99 

98 

9o 

91 

61 

25 

13  | 

0.06 

0.34 

1.04 

0.09 

LL 

100 

99 

97 

95 

89 

71 

53 

17 

.  1 

1  j 

0.30 

1.13 

4.15 

0.39 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

99 

1 

96  | 

0.00 

0.00 

0.00 

0.00 

Frequency  Summary 

UQ 

100 

100 

100 

100 

100 

100 

100 

98 

89 

66  j 

0.00 

0.02 

0.14 

0.00 

AVG 

100 

100 

100 

10O 

99 

99 

98 

88 

63 

44  j 

LQ 

100 

100 

100 

100 

100 

99 

98 

88 

42 

16  j 

0.00 

0.20 

0.40 

0.07 

LL 

100 

93 

89 

83 

79 

71 

53 

17 

1 

1  j 

0.30 

1.13 

12.70 

0.39 

Invert 

UL 

100 

100 

100 

100 

100 

100 

100 

99 

95 

93  | 

0.00 

0.00 

0.00 

0.00 

Frequency  Siamary 

UQ 

100 

100 

100 

100 

100 

100 

99 

92 

48 

16 

0.00 

0.16 

0.38 

0.07 

AVG 

100 

100 

99 

98 

97 

94 

90 

66 

28 

15  j 

LQ 

100 

100 

99 

97 

94 

89 

81 

43 

7 

2  I 

0.17 

0.56 

1.60 

0.21 

LL 

100 

93 

91 

90 

88 

71 

53 

17 

1 

1  j 

0.30 

1.13 

4.27 

0.39 

NOTE 

UL  *  UPPER  LIMITS 

UQ  *  UPPER  QUARTILE 

AVG  =  MEAN  (AVERAGE) 
LQ  *  LOWER  QUARTILE 

LL  »  LOWER  LIMITS 
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TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUNNARY  GRADATION  AT  RIVER 


GRAIN  SI2E  IN 

NECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  NILL1NETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

*10 

*16 

*40 

*100  *200  | 

1 

DIO 

D50 

D85 

D15 

REACH-6 

1 

I 

Enbanfcnent 

UL 

100 

100 

100 

100 

100 

100 

100 

98 

95 

84  j 

0.00 

0.00 

0.08 

0.00 

Composite  Summary 

UQ 

100 

100 

100 

100 

100 

100 

99 

94 

75 

62  j 

0.00 

0.01 

0.29 

0.00 

AVG 

100 

100 

100 

100 

100 

99 

99 

90 

63 

44  | 

0.00 

0.10 

0.37 

0.00 

LG 

100 

100 

100 

100 

100 

99 

98 

87 

59 

40  j 

0.00 

0.11 

0.40 

0.00 

LL 

100 

100 

100 

100 

99 

99 

97 

83 

46 

26  | 

1 

0.00 

0.18 

0.55 

0.04 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

99 

1 

99  j 

0*00 

0.15 

0.15 

0.00 

Frequency  Suaaary 

UQ 

100 

100 

100 

100 

100 

100 

100 

99 

95 

83  j 

0.00 

0.00 

0.09 

0.00 

AVG 

100 

100 

100 

100 

100 

98 

97 

95 

74 

SI 

LQ 

100 

100 

100 

100 

100 

99 

98 

95 

65 

16  [ 

0.00 

0.13 

0.33 

0.07 

LL 

100 

100 

100 

95 

87 

78 

73 

58 

6 

1  | 

0.17 

0.38 

4.15 

0.20 

REACH-7 

Esfcankment 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

97 

88  I 

0.00 

0.00 

0.05 

0.00 

Composite  S turnery 

UQ 

100 

100 

100 

100 

100 

100 

99 

98 

80 

55  | 

0.00 

0.06 

0.22 

0.00 

AVG 

100 

100 

100 

99 

99 

98 

97 

89 

61 

42  j 

0.00 

0.11 

0.38 

0.00 

LQ 

100 

100 

100 

99 

98 

97 

95 

89 

44 

22  j 

0.00 

0.19 

0.40 

0.05 

LL 

100 

100 

99 

98 

97 

94 

92 

62 

4 

1  j 
■ 

0.18 

0.36 

1.02 

0.20 

Foundation 

UL 

100 

100 

100 

100 

100 

100 

100 

100 

99 

1 

98  | 

0.00 

0.00 

0.00 

0.00 

Frequency  Statuary 

UQ 

100 

100 

100 

100 

100 

100 

100 

98 

63 

10  j 

0.07 

0.13 

0.32 

0.08 

AVG 

100 

100 

100 

100 

99 

97 

95 

83 

37 

12  j 

LQ 

100 

100 

100 

100 

99 

97 

93 

78 

16 

3  j 

0.11 

0.30 

0.78 

0.14 

LL 

100 

100 

97 

91 

83 

77 

67 

24 

3 

1  j 

0.24 

0.89 

5.95 

0.30 

NOTE 


UL 

= 

UPPER  UNITS 

UQ 

3 

UPPER  QUART 1LE 

AVG 

s 

MEAN  (AVERAGE) 

LQ 

= 

LOWER  QUART  I LE 

LL 

= 

LOWER  LINITS 
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TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUMMARY  GRADATION  AT  RIVER 


GRAIN  SIZE  IN 

MECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER 

3.0 

1.5 

3/4 

3/8 

#4 

#10 

#16 

#40 

#100  #200  | 

DIO 

D50 

D85 

D15 

DROP  STRUCTURE  FOUNDATION 

1 

1 

FREQUENCY  SUMMARIES 

1 

STA.875+40 

UL 

100 

100 

100 

100 

100 

99 

97 

92 

83 

81  j 

0.00 

0.00 

0.21 

0.00 

UQ 

100 

100 

99 

98 

97 

90 

81 

45 

21 

15  j 

0.00 

0.53 

1.55 

0.07 

AVG 

99 

97 

94 

90 

86 

79 

70 

42 

22 

16  j 

LQ 

100 

96 

94 

90 

85 

74 

65 

29 

12 

7  j 

0.12 

0.87 

4.76 

0.20 

LL 

87 

80 

75 

60 

48 

42 

33 

13 

1 

0  | 

I 

0.35 

5.55 

65.31 

0.50 

STA  .1023+50 

UL 

100 

100 

100 

100 

100 

99 

98 

92 

88 

1 

75  j 

0.00 

0.00 

0.13 

0.00 

UQ 

100 

100 

100 

100 

99 

98 

95 

86 

67 

55  [ 

0.00 

0.04 

0.41 

0.00 

AVG 

99 

94 

90 

87 

84 

81 

75 

55 

38 

30  | 

LQ 

100 

94 

77 

71 

63 

57 

50 

25 

9 

6  ! 

0.17 

1.19 

28.01 

0.25 

LL 

84 

65 

51 

40 

31 

23 

17 

9 

5 

3  j 

0.52 

18.18 

78.21 

1.00 

STA.  1098+50 

UL 

100 

100 

100 

99 

98 

95 

92 

84 

82 

1 

81  | 

0.00 

0.00 

0.52 

0.00 

UQ 

100 

100 

99 

96 

92 

84 

76 

27 

13 

10  j 

0.07 

0.78 

2.35 

0.19 

AVG 

99 

94 

89 

83 

72 

64 

54 

28 

18 

15  j 

LQ 

100 

94 

86 

81 

67 

54 

41 

16 

5 

3  j 

0.27 

1.75 

17.15 

0.40 

LL 

90 

55 

43 

37 

8 

7 

5 

4 

3 

2  I 

I 

5.09 

30.16 

70.76 

5.91 

STA.  1148+60 

UL 

100 

100 

98 

97 

96 

92 

87 

68 

44 

1 

39  j 

0.00 

0.22 

1.11 

0.00 

UQ 

100 

100 

97 

93 

85 

80 

65 

32 

20 

6 

0.10 

0.84 

4.76 

0.12 

AVG 

97 

93 

88 

82 

74 

64 

52 

25 

12 

9  j 

LQ 

100 

93 

88 

78 

67 

57 

34 

16 

5 

3  j 

0.30 

1.75 

16.19 

0.46 

LL 

67 

59 

50 

44 

40 

34 

26 

6 

2 

1  j 

0.57 

19.05 

0.77 

NOTE 


UL 

X 

UPPER  LIMITS 

UQ 

X 

UPPER  QUART  I LE 

AVG 

= 

MEAN  (AVERAGE) 

LQ 

X 

LOWER  QUART  I LE 

LL 

8 

LOWER  LIMITS 

T9.8 
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TABLE  9 


LOWER  SANTA  ANA  RIVER 
SUNNARY  GRADATION  AT  RIVER 

GRAIN  SIZE  IN 

NECHANICAL  ANALYSIS  (PERCENT  FINER)  SIEVE  SIZE  MILLIMETERS 


LOWER  SANTA  ANA  RIVER  3.0  1.5  3/4  3/8  <4  #10 

INVERT  SORROW  COMPOSITE 
SUMURIES 


STA.  1207  TO  1075 

UL 

100 

100 

99 

95 

90 

78 

5FT. DEPTH 

UQ 

100 

99 

95 

88 

81 

70 

AVG 

100 

97 

92 

84 

74 

60 

LQ 

100 

93 

88 

77 

68 

55 

LL 

87 

80 

73 

70 

66 

51 

STA.  509  TO  398 

UL 

100 

100 

100 

100 

100 

100 

7FT. DEPTH 

UQ 

100 

100 

100 

100 

98 

94 

AVG 

100 

100 

99 

98 

95 

89 

LQ 

100 

99 

98 

92 

88 

82 

LL 

100 

96 

87 

73 

64 

56 

STA.  393  TO  356 

UL 

100 

100 

100 

100 

100 

99 

5FT. DEPTH 

UQ 

100 

100 

100 

100 

99 

98 

AVG 

100 

100 

100 

99 

98 

95 

LQ 

100 

100 

100 

99 

97 

95 

LL 

100 

100 

100 

99 

97 

93 

STA.  354  TO  261 

UL 

100 

100 

100 

99 

96 

92 

7FT. DEPTH 

UQ 

100 

100 

99 

98 

95 

92 

AVG 

100 

99 

98 

97 

94 

89 

LQ 

100 

99 

97 

96 

94 

89 

LL 

100 

97 

96 

95 

91 

80 

STA. 219  TO  215 

UL 

100 

100 

99 

99 

99 

98 

13FT. DEPTH 

UQ 

100 

100 

99 

98 

97 

96 

AVG 

100 

99 

97 

96 

95 

94 

LQ 

100 

99 

97 

95 

94 

93 

LL 

100 

99 

96 

94 

92 

92 

STA.  132  TO  91 

UL 

100 

100 

100 

100 

100 

100 

8FT. DEPTH 

UQ 

100 

100 

100 

100 

100 

100 

AVG 

100 

100 

100 

100 

100 

99 

LQ 

100 

100 

100 

100 

99 

99 

LL 

100 

100 

100 

100 

99 

97 

STA.  77  TO  13 

UL 

100 

100 

100 

100 

100 

100 

10FT .DEPTH 

UQ 

100 

100 

100 

100 

100 

100 

AVG 

100 

100 

100 

100 

100 

100 

LQ 

100 

100 

100 

100 

100 

100 

LL 

100 

100 

100 

100 

99 

97 

#16 

#40 

#100  #200  | 

1 

i 

DIO 

D50 

085 

D15 

57 

18 

4 

1 

1 

3  | 

0.27 

1.05 

3.61 

0.36 

55 

17 

3 

2  | 

0.28 

1.08 

7.51 

0.38 

43 

11 

3 

1  j 

0.38 

1.52 

10.65 

0.51 

41 

8 

1 

1  | 

0.47 

1.70 

16.79 

0.59 

38 

6 

1 

0  1 

0.52 

1.94 

65.31 

0.64 

99 

98 

82 

1 

61  | 

0.00 

0.04 

0.20 

0.00 

86 

52 

12 

9  I 

0.11 

0.41 

1.17 

0.17 

84 

60 

35 

26  | 

0.00 

0.31 

1.34 

0.00 

74 

29 

2 

1  | 

0.23 

0.77 

3.20 

0.28 

50 

14 

1 

0  j 

0.34 

1.19 

17.69 

0.44 

95 

38 

2 

1 

1  | 

0.21 

0.53 

1.05 

0.25 

93 

37 

1 

1  j 

0.21 

0.60 

1.08 

0.25 

89 

37 

2 

0  1 

0.21 

0.61 

1.13 

0.25 

89 

34 

1 

0  1 

0.22 

0.64 

1.13 

0.26 

87 

33 

1 

0  1 

I 

0.23 

0.66 

1.16 

0.27 

88 

60 

26 

1 

15 

0.00 

0.34 

1.10 

0.07 

87 

56 

14 

6 

0.11 

0.38 

1.15 

0.15 

81 

44 

11 

6  j 

0.13 

0.54 

1.58 

0.18 

78 

34 

6 

3  j 

0.18 

0.71 

1.72 

0.23 

67 

27 

5 

2  j 

0.22 

0.86 

3.25 

0.28 

96 

86 

60 

1 

40  j 

0.00 

0.11 

0.41 

0.00 

95 

85 

59 

40  j 

0.00 

0.11 

0.45 

0.00 

93 

83 

59 

39 

0.00 

0.12 

0.60 

0.00 

92 

82 

58 

38 

0.00 

0.12 

0.66 

0.00 

90 

80 

57 

37  j 

1 

0.00 

0.12 

0.78 

0.00 

99 

92 

69 

1 

55  | 

0.00 

0.05 

0.34 

0.00 

99 

90 

61 

50  j 

0.00 

0.07 

0.37 

0.00 

98 

86 

53 

44  | 

0.00 

0.13 

0.41 

0.00 

97 

81 

41 

37  | 

0.00 

0.21 

0.62 

0.00 

95 

79 

8 

2  j 

0.16 

0.31 

0.69 

0.17 

100 

100 

100 

99 

0.00 

0.00 

0.00 

0.00 

100 

100 

90 

74 

0.00 

0.02 

0.13 

0.00 

99 

96 

74 

57 

0.01 

0.06 

0.23 

0.02 

98 

93 

57 

35  | 

0.03 

0.13 

0.27 

0.04 

95 

89 

46 

13 

0.07 

0.16 

0.03 

0.08 

NOTE 

UL  * 

UQ  « 
A  VC  > 
LQ  » 
LL  ■ 


UPPER  LIMITS 
UPPER  QUARTILE 
MEAN  (AVERAGE) 
LOWER  QUARTILE 
LOWER  LIMITS 
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Table  10.  Lower  Santa  Ana  River.  Potential  Stone  Sources  -  Quality  Compliance  Test  Results 
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Table  1 1 .  Lower  Santa  Ana  River 


Composite  Gradation  of  Proposed  Disposal  Beach 


Range 

Station 

4 

7 

10 

14 

Percent  Finer 
18  25  35 

-  Passing  Sieve  Number 

45  60  80  100  120  170 

200 

107+84 

97 

93 

92 

90 

87 

84 

79 

72 

62 

56 

54 

48 

28 

19 

1 17+83 

100 

100 

100 

100 

99 

97 

89 

77 

65 

59 

58 

50 

29 

15 

127+84 

100 

100 

100 

95 

94 

90 

83 

73 

62 

58 

57 

48 

25 

12 

137+84 

100 

99 

99 

98 

95 

91 

79 

66 

51 

42 

40 

35 

22 

9 

147+84 

100 

100 

100 

100 

99 

97 

91 

81 

68 

57 

53 

46 

28 

11 

157+84 

100 

100 

100 

99 

98 

97 

90 

81 

70 

61 

60 

55 

33 

15 

167+85 

100 

100 

100 

100 

99 

97 

91 

81 

66 

58 

56 

50 

32 

16 

177+86 

100 

100 

100 

99 

98 

96 

90 

82 

68 

58 

54 

48 

30 

14 

187+84 

100 

100 

100 

99 

96 

89 

75 

61 

45 

31 

27 

20 

10 

3 

197+87 

100 

99 

98 

96 

93 

88 

80 

68 

56 

50 

47 

39 

19 

9 

207+87 

100 

100 

100 

98 

97 

95 

88 

77’ 

59 

42 

36 

30 

17 

7 

217+87 

100 

100 

100 

99 

98 

95 

89 

79 

65 

55 

49 

38 

19 

8 

227+87 

100 

98 

98 

96 

94 

90 

83 

73 

61 

52 

49 

40 

21 

10 

237+87 

100 

100 

100 

99 

97 

93 

85 

75 

69 

58 

54 

44 

22 

11 

247+87 

100 

100 

99 

98 

95 

90 

78 

65 

54 

44 

40 

30 

15 

7 

267+88 

100 

100 

100 

100 

99 

95 

83 

65 

48 

40 

38 

31 

15 

8 

307+88 

100 

100 

100 

99 

98 

95 

84 

66 

45 

36 

33 

23 

10 

6 

367+85 

100 

100 

100 

99 

99 

97 

89 

75 

63 

47 

39 

28 

14 

8 

T 


Table  11.  (Continued) 


Range 

Station 

4 

7 

10 

14 

Percent  Finer 
18  25  35 

-  Passing  Sieve  Number 

45  60  80  100  120  170 

200 

477+12 

100 

100 

99 

99 

97 

94 

85 

74 

67 

60 

57 

47 

30 

18 

547+84 

100 

100 

100 

100 

99 

98 

93 

86 

78 

64 

58 

45 

30 

18 

649+31 

100 

100 

100 

100 

100 

98 

94 

86 

72 

54 

51 

43 

37 

29 

750+94 

100 

100 

100 

100 

100 

100 

100 

96 

86 

70 

59 

44 

24 

17 

840+44 

100 

100 

100 

98 

96 

89 

79 

68 

58 

56 

42 

15 

10 

9 

899+53 

100 

100 

100 

99 

98 

94 

85 

71 

54 

41 

37 

24 

8 

6 
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1.  Richter  scale  magnitudes  a  »ea«ure  of  tne  energy  released  at 

the  focus  (center  of  the  earthquake)  as  determined  by  the  amplitudes 
produced  on  a  se> smogra*. 

2.  The  epicenter  it  the  point  on  the  earth’s  surface  directly  score 
the  focus. 

3.  Earthquake  epi centers p lotted  are  from  1932  to  1987,  unless  earlier 
dates  are  shoen. 

4.  Base  mac  modified  from  state  of  California  iScuth  Half)  1:500,000 
topograph , c  map,  United  States  Geological  Survey, 1981 

5.  locations  of  faults  are  appro»,#ate.Data  derived  from  various  California 
Division  o'  Mines  and  Geology  and  United  States  Geological  Survey 

oubi ications. 

6.  Earthquake,  epicenter  'ocatic's  are  from  Ca..fpre-a  institute  cf 
Technology's  sc  ■  sm.:- :  oq sc  data  oase  for  $ou**.e'r  Ca  '  •  few 1 a ,4e vaja.anJ 
Arizona;  from  Tccpoiada  an?  ethers  (193!). and  'rt»  Jroppo:a*a  :*J 
Parke  I  1982) - 
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SANTA  ANA  RIVER  MAlNSTEM,  CALIFORNIA 

PHASE S  GENERAL  DESIGN  MEMORANDUM 

EARTHQUAKE  EPICENTER  AND 

FAULT  LOCATION  MAP 

m*m*  m, 

oaoKih 

SUNMTTtD  «Y> 

DAT! 

ATMOVK. 

me  no.  Daewoo _ ...... 

MTKTMHO. 

Mt 

PLATE  9 


I 


ELEVATION  IN  feet 


79-9 


M-  fO 


MIAN  SEA  LEVEL 


.  i&fVATlOW  AT  BOTTOM  or  UtBC" 


SECTION  B-B* 


3.  t*»loratorjr  Mill  M-JO.  P-fC.  SA-».  SA-2W  IM  1A-* 
•«ri  drilled  'or  the  California  State  beeartoooi 
of  motor  ittMreei. 


: J. '/■' 


\y  post-construction  profile 


pre-construction  profile 


S.  Sella  Socle**  I*,  2*.  A-l  iM  B-l  -ere  e#*ie**rie* 
l«*e*il*aCio«t  Tor  orient  crei«>a«e  at  *aaiMM  aee 
M«M  Avoeeea. 

*.  Sal'*  are  claaalflea  *r  «»•  uaiflee  Sel'a  C'aaat Plcatlo* 
S>ltM. 

Mire  tell*  i yae I  a  are  la  eareatfceeee.  (SPJ . 
clataiflcaliee  It  *a*e*  eoea  a  »l*eal  eeacrteUo*  aoa 
■at  K**r«l«rr  eaalraia. 


U.  S.  A1MY  ENGMtfc*  OtSTTUCT 
LOS  AXGCUS 

_ CO»n  ot  ENQUEBtt 

SANTA  ANA  RIVEN  MAtNSTE*.  CALIFORNIA 

phase  h  getcral  oesgn  meaorantijm 


LOWER  SANTA  ANA  RIVER 


The  Talbert  Barrier  Project,  constructed  in  1975,  prevents 


SEAWATER  INTRUSION 


»  LEVEL 


sea  water  intrusion  from  extending  past  Ellis  Avenue. 


VK.  NO.  MONO*- _ *■ _ 


'  BOBINCS 


PLATE  7 


EUvotion  in  F««l 


AFETY  PAYS 


f 


VALUE  ENGINEERING  PAYS 


INDEX  OF  PLATES 


1.  SEC  SUBSEQUENT  PLATES  IN  THIS  PLATE  NUMBER  SERIES  FOR 
LOOS  Of  INVESTIOATION 

2.  THESE  REPRESENTATIVE  PHOTOORAPHS  WERE  TAKEN  IN 
JULY  AND  AUGUST  I  M2  . 

3.  THE  PROFILE  ELEVATIONS  WERE  DETERMINED  IN  SEPTEMBER 
1000. 

4.  THE  ELEVATIONS  FOR  THE  CORPS  OF  ENGINEERS  TEST 
HOLES  AND  TEST  TRENCHES  HAVE  SEEN  DETERMINED 
FROM  THE  1000  PROFILE  ELEVATIONS. 

5.  EXPLANATION  FOR  TEST  SITES  ST  OTHERS  ARC  FOUNO 
IN  TABLES  4  AND  6 


DATUM  IS  NATIONAL  GEODETIC  VERTICAL  DATUM  OF  l»2» 


lOt  AHOWS 
QQtFS  OF  NRRM 
SANT*  ANA  NVER  WMNSTEW  CTOPORMA 
PHASE  *  GENERAL  DESIGN  WMORAMJUM 


PACIFIC  OCEAN 


PLAN  AND  PROFLE 


STA.12 10+00  TO  STA.1 160+00 


MMOVB  NNC  Mtt  »*CWOF- - » 


IH 


VALUE  ENGINEERING 


TH84-0801 


TH 84-0806 


SI  A  L2O7-*O0  *  Q--  5251  TM4-0M6  STA  1171*00  L  B--  51S* 


DEPT# 

106 

K 

a 

PI 

-4 

-200 

H 

DnotimcN 

DEPTH 

L06 

1C 

LL 

PI 

-4 

-200 

N 

DesoumoR 

SP 

2 

95 

3 

15 

SMO:  mm.  u»a  to  «uip  oe«.  fin  ww  sam>- 

5.0 

SR 

6 

HP 

73 

21 

SILTY  GRAVELLY  SAW:  0AM 

SSa,  JOC  cocsior.  •*«.  to  1  •  co*« 
sac  comus- 

sr 

70 

2 

12 

GRMLLY  SARD:  S«C  «  WWE  «itx  a  m  mmm.  mm 
awes  to  5  irocs- 

.fiifl _ 

SN/SR 

4 

*> 

80 

9 

18 

wo/  S1L"  " 

GRAINS  SAM).  6RACL  TO  1*172  INOCS.  SOC  CO 

y 

95 

4 

11 

sum:  NEOIW  mom.  loose  to  ndii*  twst,  occasion. 

cum  CF  CLAYEY  MATERIAL- 

9-P 

SP/SR 

■4* 

66 

5 

31 

SAJC:  GRMH.  TO  7  IRONS.  17  IN*  *UI»  AT 

sa 

#> 

99 

29 

7 

SILTY  SARD;  RE)II*  CAM  8POM4.  LOOSE.  WDflPI  TO  FINE 

6RAIRH)  SAM). 

12.0 

SU/SR 

4 

HP 

73 

9 

26 

SM 

73 

4 

10 

SRAVPir  SATO:  IfcWlfT  BRCMt,  NAJTtOLOND,  1.005*  TO 

NEU*  DB6E,  «DH*  TO  COARSE  8RAJND  SAM).  10  R6»C£WT 

CQMLES  TO  6  INOCS- 

40 

7 

95 

41 

SILTY  SARD:  *KRR.  WIST.  FIN  BRAINS  SAM), 
COCS1VE- 

n. 

50 

n 

IS 

99 

70 

SIRPY  SILT:  Dam  orey-srewish,  ndiuh  test,  m  »m*i. 

WCBIATE  ELASTICITY- 

35 

10 

98 

42 

9 

35 

7 

100 

67 

SA»€:  With  FfieouBft  vet  NS  c r  "Riwr  brom  silty  saw 

TMTOAOMOIT. 

SR 

«#> 

95 

17 

5Wf.  LIGHT  GRCT-BR0MI,  rtmv.  DENSE  TO  VERY 
CEHBTTED,  FIN  MAINS  SAM).  °0O  AT  !«  . 

SI 

29 

8 

86 

13 

7 

SILYv  SARn:  Dam  srey-sreenish,  ndii*  dense,  wterate 

ELASTICITY. 

v> 

99 

1« 

y* 

»efusal  at  2?-0  feet  ox  to  «o(r . 

2SJ- 

N 

74 

?1 

30 

SILTT  «AVfU.T  SARD:  "AM  0«t-MOR.  WLTJCOLfiRED, 

■EDtUM  fiRAJND  SAN).  ARMS.- 

8 

DEFIES*.  AT  24-5  FEET  DUE  TO  <W»- 

iQA 


Bm/SA L  * T  ?7-0  FEET  OX  TO  "OCX 

* 

P  95  14 


TH  84-0805 


T >#14-0805  ST  A  1171*50  4 


EL-  3181 


DEPTH 

L06  NC 

u  pi 

-4 

-200 

4 

DESCRIPTION 

TT84-087I 

GR 

*> 

52 

13 

30R 

SILTY  SARDY  »«R:  DAM  MOM,  WIST,  GRMEL  TO  V . 

REFUSAL  AT  1.0'  DUE  TO  ROCK- 

INVERT 

Tl»4-J8/i  <’l 

i  .:n*oc r 

ft  3061 

K L~ 

V*r'  LOG  1C  LI. 

o; 

-?T  1  r  °TI0M 

y/y 

4P 

90 

9 

22 

5  ftp /SILTY  SKID:  "AM  BROM,  WIST.  FIN  CRAINS  SAM)- 

.. 

,  501":  Tm-BROM.  VERv  1JRE.  i.00 

iJL 

SV/SR 

N 

97 

5 

23 

SWl:  VERV  WIST,  FIN  CRAINS  SAM).  OR  MEL  TO  3/4'. 

W  5  .P 

-■ 

,  GPWfLLY  544":  Grey-BOCMN.  SON  WIST*PE, 

90 

19 

SP 

t. 

- i.  ^AAC:  9»EV,  GRMEL  TO  4  INOCS- 

m 

sv 

77 

3 

9 

SMELLY  SARD:  DAM  BROM,  VERY  WIST,  COARSE  CRAINS 

SAM),  CRMEL  TO  3/4  INCHES,  FEN  COBLES  TO  9  IRONS.  USED 

..  L 

1L2_ 

NO  FROi  15  FNT  TO  3ft  FEET- 

5*P:  5cc,  OW.es  TO  10*. 

IS 

SARDr  6Mt?L:  "am  WOW,  NRr  WIST.  COARSE  CRAINS 

. 3'. 

j 

SP 

SAM).  CABLES  TO  8  IRONS.  Wl®»5  TO  14  IROCS- 

15-0 

...  Si.. 

®*AELLY  SWD:  N».TI COLORED.  SAT\*ATE3.  C 
!  15'  VU.VA  AT  14' 

37 

2 

2 Ltt  _ _ 

SR 

V  96 

35 

SILTY  SARD:  Dam  QRrr,  nbt  WIST,  FIN  SAM)- 

iUL_ 

SH/SR 

*  75 

6 

GMWLLY  SIR" /SILTY  SMELLY  SWD:  Dam  BOM,  VERY  wist 
COARSE  BRAJNO  SAW,  OR  MB.  TO  3/4  IROCS- 

1UL 


Safety  pay 


tAU 


AlUE  ENGINEERING  PAYS 


UNIFIED  SOIL  CLASSIFICATION  SYSTEM 


NUMB  MVtStQM 

GROUP 

SYMBOLS 

TYPICAL  KAMO 

fT.ft 

n 

GW 

w*  fTOTWh.  B  i  ll  ml  WrtOTBB,  ante  OT  M  IW*. 

CP 

Na»*r  pW  (ml.  gnid  mud  aria ftm*  BMa  ar  —  Raw. 

hi 

GM 

***  P»'A  frawB  W  |B|  lirtarOT. 

l  * 

GC 

1} 

l\hu 

it 

sw 

WaBwraM  a-*,  W-aPy  tW  *t*f  ar  m  W 

! 

SB 

PawM-BraM  imA  botiIi  w A  Ml  ar  aa  Mat. 

lit 

tu 

SM 

*Py  aMii,  Mai -Alt  «ha 

SC 

Oam  MaA  taai-cV  ariatawA. 

,  5  i 

j 

ML 

W*aMc  AN*  — i  vary  Raa  mmdt,  rack  Raw.  aMy  ar  cfayay 
«W  tan*.  ar  cPyay  AP*  «M  *g*  pAaNcMp. 

f  II 
i ! 

c 

a 

} 

CL 

laarpaaA  dayi  a#  W  ta  aW  plMtktty,  pmaBy  day«, 

W  claya,  (ity  daya. 

% 

i 

OL 

OkhW  «Pi  aai  ar paa*  «Ny  dgya  a#  W  pbaPdlY. 

1  i  { 

§ 

}i 

MM 

laaryaaic  aamaaai  ar  <Haa»iNi  fwa  uaif  OT  APy 

aaia.  aWtic  ilh. 

8 1 1 

CM 

)— *B— A  cIbot  at  Mg*  gWicPA 

_ 

OH 

Orgaaic  day*  at  ataiW  la  Mg*  pliaNcPy.  rig— it  riP*. 

MW*r  ot* 

P» 

Pul  —4  altar  MgUy  arg—k  taih. 

NOTH: 

f.  N— rfary  CtaifieHid:  U  hmwi»|  dwirtmiiei  W  N*  |wy«  m  M|mM  tf  tMkiutlM  at  |n^  -j-miiti  hr - 

CW-GC  (rMiiMrf  Wtwa  cUf  Wiar. 

I  Al  »Im  wh  w  Km  cUrt  OTt  V.  I  SMW. 

i.  T*a  Iwot  'Ah'  Mi  “day"  n  aati  H  4alia|iiA  Mtariah  aifcWMg  Wot  plaaiicify  has  lima  *Hfc  Mot  r*ii1iH. 

TLa  War  aa.  200  tw*  awfatiai  a  AN  *  fta  l <<«W  kmtt  md  ftmhcitr  W  Wt  MW  M  V  Im  M  Ih  fWi))!  cWt,  on4  »  do*  i’ 
ma  kQu>4  mi  wl  »tttlkHy  Mat  w  wi  it#  V  M  on  «»•  cMrt. 

i  TM  W  CM«fiM«i"  Sy«t«M  if  Mai  OT*  IN*  AmtrKott  Spotty  ter  T*ati«g  on*  MM««Wl  (ASTM). 

«.  (A STM)  02417  Stoniori  Tail  MtlkM  tor  CWalhcoiion  <4  5«Ua  Mr  CWl*n>t  Nrynn. 

A  (ASTMI  02400  SroniOT*  R*cOT*m«ftiai  Proctxt  Jot  OoacriptiM  o»  Soil*  (VMfll  Mot**OT  Proct*vf*). 

5  THi*  CMMifieottM  Syitam  t  aoplicobla  to  Corgi  o»  Enginaari  Loot  Only 


LEGEND: 


TH«4-0*0L  TEST  MOU.  YEAN  AMO  NUMBER 
TT*«-oan  thy  tmmch,  yea*  and  number 

MC  HMD  MOSTUU  C0HTMT  IN  MCOTT  0*  BBY  WBMMT. 

LL  UQWB  UMIT. 

h  rtAsncm  mocx  iuqmb  umit-kastk  uauti. 

—  4  PMCWfT  OB  MtfWtML  tf  WtJOfr  BlTAUMB  OM  NO-  I  SUVt 


XU  tMCMT  OB  MATBBIAL  BY  WOTOft  UBM  MO  MB  R#Yl 

N  NUMBBB  0B  BLOW!  IT  A  IB  POUMB  NAMMM  TW 

EAUMO  IB  MOW  UQUJBO  TO  BBlVt  A  STAMBABB 
OBBH  MB  UMBUB  SBOON  OMB  WOT. 


NOTES 


•  OBSERVCO  MATCH  LEVEL 


\  see  Plate  e  tow  location  of  test  holes  ano  test  trenches 

2  SEE  TABLE  6  FOR  DATE  ORILLEO  OR  EXCAVATED  AND  TYPE  OF 
EQUIPMENT  USED. 

3  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  up  ON  THE  LEVEE  CREST 
UNLESS  OTHERWISE  NOTED  AS  ‘INVERT*  IN  TtC  CHANNEL  OR "EXISTING 
GROUND"  ON  BACK  SIDE  OF  THE  LEVEE 

4.  THE  ELEVATIONS  FOR  THE  CORPS  OF  ENGINEERS  LOGS  HAVE  BEEN  DETERMINED 
FRCM  THE  1990  PROFILE  ELEVATIONS  (±1  FOOT) 

S  THE  OBSERVED  WATER  LEVELS  INOlCATED  ON  THE  LOGS  ARE  AS  RECQREO  AT 
THE  TIME  OF  EXPLORATION  THESE  WATER  LEVELS  MAT  VARY  CONSIDERABLY 
WITH  TIME.  ACCORDING  TO  UPSTREAM  RELEASES  RAINFALL  OR  OTHER  FACTORS 


scale:  I  m-srr 


s^h: 


•YNBOt 

iPtCWIW 

MW 

AffBCHM 

REVISIONS  | 

u.  s.  army  mown*  mnaa 

LOB  ANOC&fS 

CORPS  OP  CNOMHRS 

OMtOTADBY. 

SANTA  ANA  RIVER  MAINSTEM.CAUPDSNIA 

PHASES  OEWRAL  DESKN  NCNORANOUN 

LOGS  OF  WVESTIGATIONS 

COBPS  OF  ENGWEERS 

STA.  1 207 +00  TO  STA.  1 1 7 1  +00 

BBAYTM  BY. 

(Mown 

SUMimDRY.  o*Jt 

APPBOVEft 

VRC  HO.  MOW  OP* _ t> _ 

MIKMUND 

wm 

Safety  pays 


PLATE 


VALUE  ENGINEERING 


,  MTB2-3 
« 'usn.t**»4 


AFETY  PAY 


Jo*  »•.  17*-*;  -  «arch  tl. 


STA.  1220+00  TO  STA.1 160+00 


►AFETY  PAYS 


VAMIF  FMftlNEER,N^ 


Dram,  Dry  to  :bl»t ,  U«uc  to 
,  u:  f,  ?Ut 


96.1  22.6  22 

15-0  5-5 


,v-vn  to  am-,  Waist.  Hrilm 
i  C.  subtly  Silty  3ar»l 


r^.;' Vllui  St'U,  Silt 

Oit-y  visi  to  StA'.a  *loi,  tkilic  Dr, 13*  to 
Ders*  .Sjfil  with  Gravelly  Uyvro 


Grsy,  luturatel,  Hslim  Uw»c,  Gr%velly  Sund 


*>•  7  ST 


Dtirk  rvsv:.,  r-'.ist,  "-'I ‘.in  Drisc, 
Very  I'lty  lJ.il 


ft^jwn-rrrv,  .Curated,  tdlip.  tta«*  to  £>-.-.*• 

'Ira veil/  :-tn» 


SoutnMt  CaC^wstn  9cs(i»<} 
/  ££nbowtahj-v9*rt»c.  $sc. 


m 


/£\  Satie* 

^7  Sfflba 


C.ry  >  , .  .nose  to  "*i.  deosr. 

y*u>  :.v.»  «•»:-.  s.» 


Cr*.,  >■■«*,  5111y 

•*»"  Silt  L.r  -  '  _ £.*  17.8  38 

;«r<  Sami,  1-il J  to  -T-Apt, 
t-1.  .-i  Ucntc,  Silty  .‘am! 


OiWtl  Oort-stf. 


-.1.  wewii,  r..*  L-.tM',  ‘iM.-in  :».t 
ly  Sj»i» 


Grey.  Frill  tc'bl*:,  'Wlnf  Der^e,  9^.3  7.2  27 

Silt  v  -  ..u 


^  «£cbp*flfcKg-9*ttst. 


AFETY  PAYS 


A 1  lie  engineering  pays 


*  r-r*  uS5 


* ' ;  -  »V-  * »  £-t» 

.jxf* _ 


I»  I  -»n  U-  «p‘  ttodi-f  Zf-ar ,  *Utv 


kv  I  arom,  iv.-»nt*3,  tt-oiin  5Stl.fr,  Si-riy  jilt 


yr.9  3.«  75 


/~  '\  Sowtk*»  Cfili|C«*iO  3«tiag 
\  /  i£afaoratow-iJ*w»c.  J»c. 


SCT7V9 


■or^nc  '»i-  ^  J T*  .:  < 


•  tfF  --10K  BrtMn,  Or,  t 

.  O^P.  *  &**>!»>  3f»v*l 


1  5M  I  V«  *XW,  to  'to lit  .  “tofl:  .. 


1  ta  VU-. ,  Vo. «  >,M  3rs*r: 


Ng.T£S- 

1  SEE  PLATE  8  FOR  TEST  SiTE  LOCATIONS 

2  SEE  TABLES  4  ANO  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENOS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3.  LOGS  BT  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


106  AMOCUtS 

_ OOAW  OF  «nru— 1 

SANTA  ANA  RIVER  MAIKSTEM,  CALIFORNIA 
PHASE  21  GENERAL  DESKS*  ICMORANDUM 


LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA.  1220+00  TO  STA.  1 160+00 

/mow*  IwtCMO.  o«cwot- —  ►  — 


AFETY  PAYS 


GEOLABS,  INC. 

B0WN6  106 


GC72-2 

GEOLABS,  INC. 


Rtnoi  m.  1X73  ♦  30  BORMOLOO 

•OHM  Nn _ ‘ _  BMVMM  ■»  300  »«■ 


VALUE  ENGINEERING  PA 

GC72-3 

GEOLABS.  INC. 


i-UTicm  NO.  nil  ♦  40 


CLASSIFICATION 

[X  smd,  xm,  %c *m) 


ItM  SLLTf  SAM),  SM,  dry  loot*. 


Cradaa  to  1UB.  SP,  comm  (raiaed, 
ocuilOHl  Uy*n  of  (revel  ead 
ctUlu,  aadlua  (rat. 


CLASSIFICATION 
(%Saad,  XtiM,  X  Cloy) 


**•  ***.  »P.  totm  (reload  with  loco 
of  (ravel,  dry  and  loo.,  at  th* 
■urfaea,  aaltl  and  aadi.ua  daaae. 


Tan  Ufll,  SP,  f laa  grained  at  luf! 
giadaa  to  coarse  balm  1  foot, 
■ad lia  danaa,  wltt,  traca  of 
p«Ml. 

Cradaa  CO  CIAVKLLT  SAM) . 


Grades  to  GIAVZLLY  SAW.  SP,  saturated 


Cray  SAKS.  SP.  with  lots  of  (ravel, 
occasional  thin  layers  of  CLAY.  OL. 
d.ns*  to  vary  d«osa,  saturated . 


S1I8IIII 


3 


Provo  SILTY  SAND,  SM,  dense,  -atuta 
Brovt\  gravelly  SAND,  SP.  verv  dense 


wafer 

IMA* 

CLASSIFICATION 

*TAtN*T*» 
pass  tat  Teas 

(%  Soad  ,  %Sdf,  X  ClOyl 

.  1  c 

AFETY  PAYS 


ALUE  ENGINEERING  PAYS 


GEOLABS.INC. 

■  ».  mi .  .0  BORING  LOG 


GEOLABS,  I  NO. 

,  80WN6  LOO 

tmrmt  vt  -M9  ifei. 


GEOLABS,  INC. 


sunoi  so.  iim  ♦  m  BORING  LOO 

MMM  S-  MtVtM  VI _ 3°°  lH. 

324.0  mm  24  loch** 


STA. 1220+00  TO  STA.1 160+00 


vccwa  o*cwo* _ «. _ 


ELEVATION  FEET 


VALUE  ENGINEERING  P> 


THfr*.--  0901 


IHSAz-02 £2. 


THBMB01 

ST  A  11««00  t 

a-  31  It 

fcPTW 

L06  * 

LL  PI 

-9 

-200 

• 

DESCRIPTION 

**CILY  SAUVSILTY  WWRLY  SMC:  BROW.  WIST.  FI*C  TO 
COARSE  MAIMED  SAW,  »MC L  TO  3  INOCS.  5  fBCBlT  CCMLR 
TO  6  INOCS- 

SW/SH  2 

If 

67 

5 

2 

*> 

75 

6 

38 

6.0 

$M  5 

81 

9 

37 

(SA'^llY  STUD:  Hu.TICO.OH®,  HOIST,  COARSE  6RAIH®  SMC, 

9R MEL  TO  3  INOCS- 

3-Q 

$P/SR 

* 

96 

< 

22 

SCfS/SJLTY  S**:  LIGHT  BROW,  HOIST.  FHC  GRAIWD  SAW. 
#*«  TO  1-1/2  INOCS- 

SW 

79 

9 

19 

6WWU.Y  S/HP:  MULTICOLOR®,  HOIST.  COARSE  GRAINED  S«C. 
GRMEL  TO  2  I HOES,  SOC  COWLES- 

sR 

37 

3 

23 

S*D:  Mu.TICO.OR®,  HOIST,  COARSE  GRAIN®  SAW,  GRMEL 

TO  2  INOCS.  SOB  CCMLES.  OSINS  WO  AT  13  FEET,  HATE*  AT 

13  FHT. 

a_iL2. 

sp/sr 

55 

5 

16 

»A*lLY  $*0/SlLTY  SMVaiY  S4N0:  HuaicaCR®.  HOIST, 
COARSE  GRAINED  SAW,  OR  MEL.  TO  2  INOCS.  SOC  COWLES- 

~.-4_ 

WAVfU.Y  s MO;  MULT  1 CCLORtt ,  HniST,  COARSE  GRAIN®  SAW. 
GRMB.  TO  7  INOCS.  SOB  CORWES- 

IP 

66 

o 

88 

5*/f :  »EFUSW  AT  2S-D'  DUE  TO  COARSE  SRMEL ■ 

$" 

32  5 

72 

18 

1/ 

51LTY  fi8«VFlLT  SARD:  Hll.Tlca.CR®,  WIST.  COArSE  51A1WT 
SAW,  GR4EL  TO  2  INOCS.  SOB  CURBS  OF  silt,  dam  GREY, 
WIST.  COCSIVE- 

i.U_ 

S? 

67 

3 

21 

HMV6U.T  SARD:  Hjltiuxor®,  WIST,  to  «CT.  coarse 

GRAIN®  SR®.  SOB  FINE  SILTY  SAW.  GRMEL  TO  2  INOCS. 

SOB  COWLES- 

Sw 

77 

3 

37 

LA 

•V> 

90 

? 

39 

$IWY  QlAVFL:  HtTICaW®.  WIST,  COARSE  GRAINED  SAW. 
GRMEL  TO  ?  INOCS.  RCF'HN.  AT  56.5  TIC  TO  TOO!- 

59 

3 

9UVnj.Y  yrfn.  H|.Tlca.0R®.  HOIST.  COARSE  'RAINED  SAW 
GRMB.  TO  n  INOCS- 

TMW-0902 

ST*  1198*00  l 

a-  3lli 

nfPTH 

L06 

*  U.  PJ 

-9 

-200 

" 

Description 

SRWf.tLY  SAOT/SU.TY  fi*«*;iLY  6A*V  itao*. 

3  INOCS,  30  PfRCeiT  COWLES  TO  9  INOCS- 

SK7» 

* 

M 

12 

S*7t:  F I NE  TO  COARSE  GRAIN®  SAW  GRMEL 
SOME  COBLES.  WO  US®  AT  6  FEET  r»JE  TO  '.A 

a-fl  . 

10 

6RA\£LLY  5*0:  HXTICtXORffi.  hoist,  loose 
SAW,  GRMEL  TO  2  INOCS,  LARGE  BOJL3EP  AT 

SP 

79 

3 

u 

12-0 

20 

(WA'fflLY  SAND:  Multicolor®.  WIST,  ®«Rs 

GRMa  TO  3  IOCS.  20  PERCENT  TOR&.FS  TO  6 
ACTAL  OAJfCT  AT  15  F0EJ  AND  13  F3T- 

SR 

79 

9 

r^JL. 

SW/SH 

V 

38 

6 

SW/6ILTT  SAND:  Hulticolor®.  wist.  c.a 
SAW.  GRMEL  TO  3  INOCS.  20  PERCENT 

’:-D 

:  J) — 

SW 

76 

4 

11 

WAV EU.Y  6*HD:  *VjLT! COLORED  WIST.  SOtfSi 
GPMEL  TO  3  INOCS.  20  PERCENT  COWL*  '  -K 

6  INCHES- 

Si 

*  1? 

85 

21 

30 

SILTY  SAND;  taEEN-wo*.  WISr.  f>n;  *•- 
SAW.  COHESIVE,  GPMEL  To  1  I-o-. 

'\2 

36 

CRA^U.y  S4N1:  HtiLTiCXOR®  -r;*-.  -v 
GRMFL  TO  1-1  r  INCHES- 

SP 

9« 

1 

30 

5WF:  Shall  PootETO  of  sil»>  snc 

:.L2_ 

GRAVOJ.Y  SILTY  SIR":  9APr.  SRfv  .  - 

GRAIN®  SAW,  COHESIVE- 

SR 

J2 _ l _ 

35 

39 

*7 

>F 

39 

16 

SILTY  SANH:  <6reen  TO  bpOC.  •*?!«"  T>NET 

G«AI*Cn  SAND- 

T3 

V 

T 

79 

SARD;  Light  green,  wist  to  «ct.  tine  •-». 
OCASSIONAL  GRMEL- 

tiJ — 


LUg  ENGINEERING  PAYS 


: 

Th84  -  0902 

SU  lhMV  l 

a<  ni* 

I-  #i  -*  *2T 

«•  INSCRIPTION 

3 

«*YfLLT  SWWSHTY  <teo*,  aw,  r,9»a  m 

T  INOCS,  W  »€  PC  ENT  COBLES  T^J  3  (NO«s- 

_ 

FtNC  TO  COARSE  SRAINET>  SR®  WATEL  TO  J  INCHES, 
sohe  Cowles,  *uj  user  at  6  feet  hje  to  c«i«- 

ft  SPtVFLL*  s*0.  ^A-TICOLOR®.  WIST,  lOOSE.  COARSE  uWAI'I* “ 

)§-  SANC.  WMl  TO  ’  INO«S.  L AWE  MULDER  AT  i?  FEET. 

WV*!l*  SAR"  Rult' COLORED.  WIST.  CT*ARS«  SPAInF^  S*T. 
cwa,  TO  1  IC»€S.  ?n  percent  'neflL*<  TO  E  iMO€s.  lap  * 

i«th.  oajfCT  AT  H  effT  wo  «  efjT- 


r  — . _ 

t  v,,»  jw  A1  .7*  !#l?.  'A-TJcaTreP.  HOIST.  COARSE  OMIttS 

r  v  ■'1  “  s*nt.  rn  *  inof*.  ’p  percent  :w.^  nj  -new:'. 


^  UNf>  %Lr!  COLORED  *«0J5T.  CM P*  'I»AJV£~  5*0. 

^**L  W  5  InomEs.  ?:■  PERCENT  COWLES  COBBLES  m 
-•  l*C>€S- 


<:j'  W  'flfOraPCW^  HOfST.  :it£  TO  '•■Hpfc  r.BA;yr- 
>»€■■  CO»«S:vE,  30»E L  T"  ;  !*Cm. 


.  •-«-  •»tr:ro.'»r'  tvir.  r~-v*;r 

•»**'.  TO  :•!  r  t*.fufs. 


'i’C  "HAL-  »»fr<:  -s  c 


•  -l;.'T  ■W'*  tup*.  -9CV  ^>|jT  to  «T’  .  vi 

i»Mscr  sant.  ;>«s:ve. 


.i»efs  •'■t  s***.  *wIs.  e|< 

""  '»“•  *N«  m  «>.  ’!*  »«»-  w. 

>  4":C*R. 


TH84-09CJ  STA  mo*50  » 


DEPTH  if* 

RC  LI 

PI 

-N 

-200 

N 

’leSCFIPTlOH 

SR 

M _ 

*> 

SO 

27 

S08 

ss.’s  2R= jrarsy sr  • 

3? 

8 

2S 

S*WSHTY  SW1:  «,»  HQ | nj^j.  tB< 

JlDl. 

_ 

sy 

S 

• 

26 

W0*w  ',|™  ^ICOLOBEO  HUCBN.S 

TO  LOnSf'  C0**  5NA1NEJT  W 

Ui a - 

r 

t.iLi- . 

3 

•*> 

,;<0 

16 

1! 

SI’-TV  S*'!'.  •.  I'lHT  3PO«.  0»»>  •»•'-./*  rr  ,tt<F 

:«f  rum  aA,s; 

W$P 

H 

? 

^ivru.T  yBWSlLr*  WMFU.Y  SA"-:  .-.KT  aporf,  T.  *pc> 

COARSE  SRA;'«7t  SAfr,  PC*  C*8Lr'L  LT€  PLASTIC! TV-  ’  ’ 

, 

SAY"  'UncaoRET  3»HH  '♦*:?*.  •*.  tpWCf  .  '"'•asp 
SPAIN®  SAND,  Vf'XF  .*»;F  i»aic5EP- 

1 _  _ 

">A^  •  Yanv  S' # RC'JL  AF  COWLFS  TO  I**C*«S  •*:»•*’  »F  NJF 

TO  983CE'1  N*>UEP  apcnt. 

SB.vCi  Y  SAN*':  ‘AirmLOP®  «!*e,  r*r<  'n t,r* 

r^ttn r  '.•>4!*«rr'  *N«0. 

Si * 

W9» 

•F 

: 

— 

»,)C 

TVD/^I.TV  -v"VVT._.*  -»*!“  Nuchn-sh  50ev. 

•.tainet  sr®.  aj*r.s  ttiet^r  tn  ,«>Tr  yp- .  oce  «* 

AT  "5-:  FE«t. 

•F 

SViVSIcTY  SAT  HAr:canB^  ;et;.l5  C..|C  -)3*..(e. 
tF»«SE.  4!T  Cu»y  LENSES  AT  .3  tp.*. 

SEE  PLATE  9  FOR  LOCATION  OF  TEST  MOlES  AND  TEST 
TRENCHES 

2  SEE  PLATE  8A  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  OATH  DRILLED  0»  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  trenches  were  set  up  On 

THE  IEVEC  CREST  UNLESS  OTHERWISE  NOTEO  AS  " INVERT" 

■  N  THE  CHANNEL  ANC  "EXISTING  GROUND"  ON  BACK  SIDE  OF 
LEVEE 


SCAlE  »  IN*  3 FT 


VALUE  ENGINEERIN 


TH84-0904 


TH84-0906 


DEPTH  L06  HC  LL  PI  *2°°  " 


S»VSC  S  26  S  71 


sum  5 

*> 

100 

12 

sp/sh  5 

IP 

79 

6 

SP 

90 

4 

SP/91 

•P 

99 

5 

1 

<p 

33 

3 

SW/SJ1 

SP 

76 

5 

$p/9» 

>P 

66 

6 

sun  auwoiY  s*o/a.»YFr  ***liy  $ m-.  *o*.  nuct. 

LOCKS .  SCW  F1W  WAlNHI  SAW.  «  COMUS  TO  *-1/’  ■ 


SJTO/SILTY  s«tl>:  Mm.  WIST.  SO«  (WUS 


SRAVCLLT  SWVSJL7Y  fiM*U.Y  5*0:  COARSE  QRAINED  SMB. 
12*  sow  ams  TO  5-1/2*  wus*  at  ’.O'  due  to  mxx- 


SMD:  I^JLTI COLOMD .  WIST,  F|*  TO  COWS*  MAI®  SMB, 
15  SOW  COBLES  TO  j* ,  'll)  AtttD  AT  12’  DUE  TO  CWIW- 


SJMn/SILTY  S*0:  LIGHT  «€V .  WIST  TO  «t.  F1W  GRAINED 


SMVfLLT  S*DA1LTY  6MVU1Y  S«D:  HjlTJCCLORED.  WIST 
19  TO  WT.  COARSE  GRAINED  SMC,  SOC  COBBLES- 


*JLT1  colored,  wist  to  *ct.  COARSE  GRAINED  SMB. 

45  PERCENT  COWLES.  1C  PERCENT  BOULDERS,  LARGE  BOLTER  AT 
76.5*. 


TH84-0905 


T +4-0906 

S«  1116*00  4 

P-.  301 i 

D€PTh 

UK 

«C  LL  »1 

-4 

•200 

4 

inscription 

SH/sn 

3  ¥> 

76 

GRAVEU.T  5WD/SILTT  W WELLY  SWH:  4*0*.  wist.  CWSf 
SRAJKED  SAND,  S  PERCENT  COWLES  TO  6  IWWS- 

j.: _ 

9 

3 

79 

T 

18 

8P*WILT  $JHP):  4RO*,  WIST,  COARSE  DRAINED  SAW. 

5  PERCWT  COBBLES  TO  6  INCMS- 

70 

W'/SfLf'  S4W>:  \IQtfT  WIST,  *|NE  GRAINED  SAB®. 

5P/S* 

V 

36 

A2_ 

V 

*4  3 

09 

4? 

’ 

SILTY  SW”:  Dart  OPT' .  WIST,  COMSIVE.  e|W  CRAPED 

S*B1.  L ARTE  OWS- 

12-w 

f 

SAjm.  NulT\OX0R€0,  COAPSE  grained  saw,  so*e  TIRE 

MAINE)  SAW.  SR  Am.  TO  2/2  IMOCS- 

5* 

33 

, 

15 

SPt-  Wist  to  <t,  rater  at  13  feet,  using  wd  at  13'- 

£iM 

WWEU.Y  5MD;  •M.Tj  COLORED.  COARSE  DRAINED  SAND.  VHE 
COBBLES  TO  6  INOCS- 

2U _ _ 

v/sn 

•P 

74 

1 

17 

UWVTU.Y  SBND/SII.TT  4MVFU.Y  4*0:  *CT|CflLCPFn.  WT, 
COARSE  GRAINED  SAND.  VWE  COBBLES  TO  5  INOCS,  SCW  CUWS 
QE  DART  GREY  SILTY  SAND.  CrtCSIVE- 

KPTK 

UK  AC 

a  pi 

-4 

-200 

. 

te* 

56 

gmclly  sjw/siity  gkjk 

EIW-WTHLA*  MAIMS  SA*C 

SM/SH  3 

p 

75 

9 

29 

j-Q 

_a,a 

sn  4 

w 

74 

24 

31 

SILTY  GMYEUY  S*B:  AD 

GRAINS)  SAW,  GRWEL  TO  2 

3  WET. 

6P/SB 

10 

32 

OAWUY  SW/5ILTT  SUV? 
WDIljA  DBASE,  FINE  TO  W1 
COBBLES  TO  6  INOCS,  PRO 

12-0 

SM  4 

77 

3 

31 

StA^LLY  S*T):  LIGHT  m 

S MB,  SRWEL  TO  1  INCH- 

15-0 

106-5 

_  77  _ 

23 

SUPILY  S4»f>:  iRfITE  TO 

GRAI®  SAW,  GRWEL  MB 

16-5'  depth- 

SMS:  AULT] COLORED,  COA 

2  FEET  BOULDER  AT  IS  FEE 

9* 

94 

3 

SK/$H 

p 

74 

10 

fiMVFU.7  SHWAILTY  GRA) 
COLORED,  COARSE  GRAINED 

s p/m 

p 

42 

7 

31 

SWOT  5RWO/S1LTY  $m 
HU.TIca.ORED,  WDIJS  TO 
OCCASIONAL  COBBLES 

7 

SRAVOLT  Siw/SILTY  GRP 
COLORED,  COARSE  GRAINED 
NO  SPT  AT  33.5  FEET  r»JE 

p 

A 

_ Z- 

77_ 

_ 3_ 

213... 

4Li_ 

Sfl 

IP 

97 

18 

21 

SILTY  S*9-  lAW  TO  HE 
SM,  COARSE  CLEW  SAW 
CUfR*S  nPOJGMOUT. 

5H/6H 

IP 

31 

5 

sr^y  suvriAiLTT  s*" 
COLORED,  wot'*  TO  YEN’ 
30-40  FERCSAT  COBB.  ^  ’ 

SAFETY  PA 


VALUE  ENGINEERING 


ALUf  ENGINEERING  PAYS 


ELEVATION  FEET 


klUE  ENGINEERING  PAYS 


Itl94rlPP2 


t 


TTB4-IQ7L 


n*R-lf»2  ST*  iokwjc  c 

O0>™  L«  K  u.  n  -*  -?nO 


S«/SR  f  89  6 


a.  »tt 


1  Qesatl«TI<M 


SMVSILTY  SAID:  LMHT  MOM.  HOIST,  LOOSE.  COARSE  To 
FINE  GRAINED  SAKS,  3HVPL  TO  1*1/3  1NOCS- 


ifi _ _ _ 

SM€:  Fine  grained  saw,  rot  en*ia.  to  l  ino«s. 


2  W  97  7 


(  ST*  10BM»  C 

Pc  a  pi  * 

-200 

* 

f 

so 

> 

,1. 

59  I 

am* 'Ay  SAND-  Hto*.  MM.  f*DIU«  DENSE,  SRArtL  TO 
?5Sis.  occisiiM.  COW L«  ro  12  INCHES,  fine  to  COAWE 
GRAIN©  SAND- 


SVC  IRCNN.  NET.  NEDI'JH  DENSE,  FB*  CCMLES,  ><D1  IM  TO 
CONISE  SAMS .  S**H-  TO  9  INOCS- 


jyf  MCMH.  SATURATED.  LOOSE  TO  «DUN  DENSE  NEOUN  TO 
SR  AIMED  SAM).  GRNAB.  TO  ?  INCTCS,  OCCASJOAAl 
raBLES.  NAItR  AT  *-5  FEET- 


SYC  9CKM4.  SATINATED.  *DllN  DENSE.  COARSE  3RA1*«D  SAKS. 
COBBLES  TO  P  |NO*S.  CHAINS  AT  11 0  FffT- 


SP/SI 


28 


«»€LLY  S4WI/S11TY  Oj**uy  SM":  Sane,  fj«  to  con>se 

GRAINED  SAKS,  GRAVEL  TO  1 2 3  INOCS,  CCBB^S  TO  S'. 


I2JL 


SW/SU.TY  SAND:  gabc  mwm.  moist  to  wrr.  coarse  graim-d 
19  SAK),  GRAAtL  TO  2-1/2  INCHES,  BSSAN  lfSI*C  AM)  AT  IS  C£FT 
OF!  TO  CWIN5- 


*>  38  5 


20 


18-0 


6SAVTU.T  S-.flJ:  In*  brom.  njtst  to  net,  coarsf  grained 
S9  SAM),  GRHAEL  TO  2-1/2  INOCS- 


S® 


2M. 


SR 


MIT*  SW..  Supr,  oensc,  to  coawf  grainfo 

71  6  RS  +?  ?0  sams,  Clavpv  •*u#f,s* 


2M. 


SO/W _ 


iSLS_ 


S«1D/SllTY  SM9:  RREV,  DENSE.  MEDl'f  TO  COARSE  GP AIMED 
SAMS.  LARGER  O-AYFA  cuHpc. 


WWEU.T  SW/SILTY  »/Wru.f  S**l;  **JL  VI  COLORED.  HOIST, 

gwst  figaiaa-aaL  vrt  clatet  ours,  ro  vmu 


TH84-1003 


%  u.  *1  -**  i 


3J&VT  «  ••¥P  *<n.*iCaiM©.  COARSF  GRAINTo  SH®.  fan 

">  ?  nr<CS.  r«X  a**-F>  OiAWS- 


1  SEE  PLATE  10  FOR  LOCATION  OF  TEST  MOLES  AND  TEST 
TRENCHES 

2  SEE  PLATE  BA  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  OATE  DRILLED  OR  EXC4VATEO  AND 
TYPE  OF  EQUIPMENT  USED 

A  ALL  TEST  HOLES  AND  TRENCKS  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  ‘INVERT" 
IN  THE  CHANNEL  AND  "EXISTING  GROUNO”  ON  BACK  SlOE  OF 
LEVEE 


■IV  ',94 1 NO  SATf). 


COARSE  GRAINED  SHff- 


Cl>W*  5Nf)y  Tjuyr;  N*ncaCM®.  COARSE  3RA}»RT>,  WHI 
WLL  "MEETS  y  CUV  ■ _ _ _ 

gJ^^ncaW*.  ®*re  t5*,*,NO  5W®.  GRAVEL  TO 


]  2?  tO^'^INC^1  ''*-r,ra'*fn-  CP<R,e  SAKS.  CGMLf.S 


SCAwE  '  IN*  3 FT 
_ 5 


if  MHO 

0«»CRrTK>*s 

MM 

AAWOVM 

fC  VISIONS  ] 

u.  S.  AAMY  ENGt««  DISTRICT 

LOS  ANGELES 

CORPS  Of  ENGINEERS 

OtMGANO  IT. 

SANTA  ANA  RIVER  MAlNSTEM.  CALIFORNIA 

PHASE  n  general  DESIGN  LCMORANOUM 

LOOS  OF  INVESTIGATORS 

CORPS  OF  ENGINEERS 

DRAWN  IT. 

am  IT. 

STA.1080+00  TO  STA.1062+00 

WiRUTTK)  IT. 

w. 

OAtt 

APPROVED. 

SKC.  NO.  DACWOf- - A - 

DISTWa  H«  NO 

- - - - 

p 

late  10  a 

^AFITy  PAYS 


VALUE  ENGINEERING  P 


TH84-I005 


INVERT 

TT84  1072 

TW-1005 

STA  19i6*O0  t 

a-  284T 

DEPTH  LOG 

RC 

a  Pt 

-4 

-200 

N 

neSCRIPTlW 

rm-iorc 

STA  1062*00  C 

a-  2721 

SH/Sfl 

SAW/SILTY  SAW:  IfcWtf*  IRORt.  HOIS 
icmift  GR Alter  saw,  rt*  <**«.  to  3, 

DEPTH  LOG 

nc  a  pi  -a 

-200 

N  DtSCIlIRTICN 

90 

SAW:  Lmht  mam.  dry,  mm*  to  comse  6Mim>  saw. 

SILTY  SAW:  Daw  grey.  hoist.  Dense 

49 

1-1/2  INOCS.  SLIGHT  PLASTICITY,  REP 

SH 

a 

m 

91 

— 21L 

jfca 

78 

0 

«»€LLY  SAW:  Arom,  da**,  HEDllA*  D0CE  TO  OWSE- 

15 

2W 

S 

V 

92 

y 

-ID _ 

74 

0 

SA7C :  Saturated,  10  percwt  comxes  to  6',  hater  at  5.0*. 

a. 

19 

25  16 

97 

n 

39 

SAWY  CLAY:  DAW  G RET,  WDIUM  &hmh 
IN  DOCS).  WIST,  HARD.  WCERaTF  PLA 

12.0 

76 

0 

SAME:  >to)IUN  TO  COARSE  GRAINED  SAND.  10  PERCBT  CCMLES 

AT  12  INOCS.  BflU.nERS  AT  13  FST.  POSSIBLE  TOE  STOWS- 

sx/y 

•> 

97 

u 

n 

SARD/SIlTY  SARD:  I.J6WT  TO  WDILP*  8» 
D»SE.  FINE  TO  WDtm  GRAIWD  SAW- 

IM _ 

77 

a 

96 

76 

13 

SfLfT  S/pO;  fiREY  To  BRO#i.  HEDIJN  1 
SMI.  HATE*1  AT  l7-5  FEET. 

W17-S 

1LQ _ .. 

5W/5JT 

* 

79 

7 

n 

GRAVEar  SARD/SILTT  4MIC1J.Y  SAflr 
COLORED,  LOOSE,  COARSE  GRAINED  SAM' 

2  ihocs- 

3*  *6 

a 

34 

75 

4 

WAVEaY  SILTY  SAW:  GREYISH  BRO*. 
LOOSE.  WDIlH  TO  COARSE  GRAINED  NJ.' 

24J _ 

146 

^•VFLLY  SWfl/SILTY  guvri.Y  SA-d. 
HJLTICOLCRED  SAND,  DENSE,  NED  I'*  TO 
ce»  rowiLES,  Sfff  LARGE  silty  CU0*S 

cu/sp 

IP 

— UL 

36 


TH84-I0Q6 


T**-n» 

ST*  1046*00  L 

EL.  294* 

rfpT^ 

106  nc 

L:  °J 

*4 

-200 

* 

Ascription 

INVERT 

sc 

33  11 

94 

2? 

aAYEY  SAW:  too*.  NO! ST.  LOOSE.  GRAVEL.  F|hE 

grained  SAW- 

TW4-1D73 

depth  Ln5  RT 

S */V  3 

**> 

SO 

7 

SAHOAILTY  SARD:  fiRORt.  wist,  DENSE,  GRWEL  TO  3  INOCS. 

FINE  GRAINED  SAt®. 

a  J _ 

IN/SC  7 

21  6 

59 

n 

48 

silty  awra*  saw/clatey  wivtar  saw:  light  to  o«* 
sret.  wist,  dense,  srwel  to  t  inocs.  cobiles  to 

9  INOCS  REFUSAL  AT  9-5  FEET  DUE  TO  ROtXS- 

C.-2 

19* 

SARD:  1*.T I COLORED,  HOIST,  fPH  GRWEL.  FINE  GRAINED  SAND, 

vre  cobbles- 

SP 

* 

91 

1 

31 

3 

35 

S°WELLY  SAW;  5»©  AS  40BAT,  GRAVEL  TO  7  INC»CS.  SWE 
om.Es  to  ■,  ihocs- 

5w 

59 

* 

10 

SAft:  UlLTIClXORCD.  HOIST.  LOOSE.  COARSE  GRAINED  SA»©. 

GRHCL  TO  2  INOCS,  10  “FRCENT  COBBLES- 

iaJ _ 

y 

62 

4 

6 

S*f€:  20  PERCENT  COMLES  TO  10  INOCS,  HO  SPT  AT  20.5'. 

1L2_- .  ^ . 

•Uud— 

•*  56 

,  GRAVE1J.Y  SARDAILTY  PA^LLY  6*N4;  H(.t|OXORET.  HOIST. 

_ 

COARSE  GRAINED  SAt©,  GRWEl  TO  ?  INCHES,  CORAL Fs  TO 

10  INOCS- 

MO  ^ 

5  31 

2Z.IL. 

S*RD:  *A.TICOLOREn.  WIST,  cow**  GRAINED  SAW, 
95  3R*EL  to  7  INOCS.  COBBLES  TO  10  INCHES- 

sx  72  I| 


S’*  1D4$«00  c 


66 


lu 


6<i 


1  9? 


-2nn 


0 


1 


69 


TT84-IQ73 


EL-  m* 


descriptor 


GRAVELLY  SAND:  lx  T|  COLORED,  dpv  . 

grained  saw.  srwel  to  3  inocs.  5  o 


SAW:  ^JLT I  COLORED.  HOIST  Tj  MT.  Ft 
SffA’S.  TO  I  INCH- 


GRAYtaY  SAMP:  5ARE  AS  ABCVF.  15  p?t 
o  INOCS,  HATER  AT  $.0  FEET. 


SAflE:  COBBLES  TO  \0  INOCS- 


SIM;  6»Ev.  h)IST  tjVt,  COX 

Si*©. 


ii  iip  engineering  pays 


•m84-l005 


LL 

FI 

4 

-MO 

N 

ncsc*[ 

1 

RP 

9? 

7 

SAW /SILTY  SARD:  *D!l*  MOM.  HOIST.  00*5*.  r\m  TO 
WDll*  (SAINED  SAW.  fw*  mmrn.  TO  3/4  lNO*$. 

t 

\ 

___2L 

99 

SILTY  SWO:  GREY ,  WI^T,  OFCE,  Ff».  qraq.  TO 

l-l  ?  IHO«S.  SLIGHT  PLASTICITY.  REFUSAL  AT  7.0  FEET- 

ff 

a 

15 

»» 

k 

16 

9; 

71 

J? 

SARTO  XAY  DARK  GREY .  MEOIL*  BROW.  (2  DISTINCT  COLORS 
(A  ZOCS'.  HOIST.  HARD.  MODERATE  PLASTIC! TV . 

r 

NP 

97 

1: 

YJ 

SAN* 'T'l.TV  SARTO  I.16KT  TO  WOlLP  BROW  OR  TAN.  HEDlt* 
HENSC.  Ff*  TO  *COfi/t  GRAIWD  SAW- 

1 

■P 

9? 

75 

V,  T>  '-4K-  CftEV  T*J  BHOM.  ’CDll*  HENSE,  Fl«*  GRAINED 

<#ev  »T  17.1  FfFr. 

t 

NP 

*9 

?AW_«  9 W! /SILTY  RMWU.Y  SAW''  NEDUP  brobt-multi- 
C<V PET- .  LOOSE,  coarse  GBAIHFO  SAW  PC  GR«EL  To 
;  inc-ps- 

i  - 
r  „ 

t 

H 

9* 

76 

1 

WA'.TLw'  <  IvTY  SAND  SRCVISh  BRO#4.  NOOEBATt-  PLASTIC!  0  . 
*t;i J1  TO  COARSE  GRAINED  N(1_T1  COLORED  SAW- 

’4» 

***u»  SWU/silty  guvF'.LT  $Am  Greyish  bbop  silt. 

■\K’\:<XCPF0  SAKD.  DENSE.  ftl'R  TO  COARSE  SR  AIMED  SPC. 

VW  LARGE  SlL’Y  CUPPS.  RE*IKAL  AT  ’5.0 ' 

IP 

ai 

u 

•* 

31 

V- 

TT84-IQ7  3 


10&GCC 


cl.  mt 


01  H,  .->r 


fi€sc*ip*i»i 


tMTV  \a.ti  colored.  an,  i_dqse,  fine  to  coarse 
»»;n€"  S¥C.  5BWEl,  to  3  INO«S.  5  PERCENT  CORRLFS- 


'*ni  \A.n  colored.  «ioi5f  rj  wr,  fine  grained  snc. 

iBA'EL  T;  ‘  )•£*. 


3tSVFU.’  '.ARP  S*t  AS  A ton.  15  PERCENT  COBBLES  At 
5  !NO€S.  MArc»  *T  5-2  FE£T- 


"CBBLES  TO  V)  Jtocv 


NOTES 

1  SEE  PLATE  10  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8  A  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  OATC  ORILLED  OR  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  USED. 

4  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  ‘INVERT" 
IN  THE  CHANNEL  AND ‘EXISTING  GROUND"  ON  BACK  SIDE  OF 
LEVEE 


^>rv!  «wi$TTO  *TT.  COKS1VE,  F|ME  GRAINED 

»»C 


SCALED  I  IN-3FT 


E3  i — i  b: 


IIMOt 

WVIKM 

DAK 

ANBOVAl 

\  ttVISlONS  j 

U.S.  ARMY  ENGMEER  DtSTlICT 

LOS  ANGCUS 

CORES  OF  ENGINEERS 

DBNOWP  IT. 

BRAWN  IV, 

SANTA  ANA  RIVER  MAINSTCM, CALIFORNIA 

phase  n  general  design  memorandum 

LOGS  OF  NVESTIGATtONS 

CORPS  OF  ENGINEERS 

STA.1062+00  TO  STA.  1046*00 

MMITTWrf.  P*Tt_  _ 

AHAORft 

SMC.  MO.  ftACwOf- _ B- _ 

HSIKTUMO. 

SHKT 

Safety 


pays 


PLATE  (0  8 


MT64-19 


T  m  l,*“  Sut.ct  .\uc*r  _  .  '.1.  J70.71  MR  INC  NO.  13 

- - r-  j  Toi|  llcle  U«v»Hwi  :7,  m _ Cfpplctt.)  ■  ;.t,v 


J-ii. 

770 

11 

1 

I 

imm 

1 

!S 

s 

fin#  to  fotri<  Mad  with  •eatUred 

{ntTtl. 

1 

1 

1 

1 

I 

j 

Ztovn  Cine  Co  e* trie  zuti  nit*  tint 
srftvcl,  «nd  scattered  lsrje  gravel. 

j 

1 

*  JSV 

& 

1 

1 

&*o*r  fin*  ti  coarse  sartd  and  fin* 

C-tvcl . 

1 

1 

1 

> 

f 

I 

J" — ? . : 

1 

■  s 

j  Ife-cur.  fine  te  eoarr.c  sand  with  gravel . 

t 

r 

a 

Borin;  l-tatci  on  te»  of  slop*  arproc.  40’ 
frer.  to*  of  south  UftjrtUctM  b?nli. 

(Ground  water  *»»  'Mowtcrod  at  eicv.  2' 6 
in  l.'.c  hole. 

fUCMnt  wnvr  jjC  a*/  at  el**.  776. 

|10‘  e.tjre  ; .  uf  3l :i  was  needed.  Slight 
eivirg  fc*lc-  crasAd  water  plus  severe 
|  riv(r„  frar  23  to  2?  feet.  sicv  and 
j  difficult  billing. 

j 

( 

l 

►  5 

?  X 

1 _ ^ 

\ 

fl 

Ik 

Mi 

J 

NQTE$: 


SEE 

PLATE  10 

FOR 

TEST 

SITE 

SEE 

TABLES  4 

AND 

5 

FOR 

FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENOS 
AN 0  EXPLANATIONS  ARE  CONTAINED  WiTHlN  THE  REPORTS. 

3-  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


U.  S.  ARMY  ENGUlBt  WSTWCT 
LOS  ANGELES 
00«»  Of  ENGINWS 


SANTA  ANA  RIVER  MAINSTEM, CAUPORNIA 
PHASE  E  <30CRAL  DESIGN  aCMORANDUM 


LOGS  OP  INVESTIGATION 
BY  OTHERS 

STA.  1 095+00  TO  STA.  1 030+00 


snc  HO.  DACWOf-  _ 
DOTWO  WHO 


PLATE  OC 


PROFILE 


SAFETY  PAYS 


VALUE  EN 


I 


***.  ~  ’ 


MU' 

jfi+c.  “  * 
M  T  «r> 


STA  102*00  L 

TH84-II02 

a-  277* 

THM-U03 

TH8A-II03 

SU  1007«00  R 

a*  273* 

U.  PI  -4 

-200  * 

Description 

DEPTH  106 

RC  U.  PI  -9  -200  H 

Description 

S HOI  6MYEL/SHTY  SMCT  WML:  Mcm 
2-1/2  INOCS,  FINE  6AA1MD  SWC.  FBI  C 


WMLLY  SATO/SllTY  6ft MLLt  SIND:  Brow  to  d*W  * 
WIST,  Fine  TO  >CDUn  GRAINED  SJND,  F®«  Oft/VGL  TO 
1-1/2  INCHES* 


iiurv  S*W:  Pa*  b**n.  wist,  srml  no  1-1/2  ino^s, 

2?  FINE  SR  AIMED  SN®.  SOW  S»*>EL. 


SIND/SILTY  SIND:  Sme  as  akve,  bun*  stress  TwaJtoaiT, 
2W  at  *-0  feet* 


i<  In  99  * 


■'-lyrT  SAN'"'  *1\T:  PeTOISM  DA*  BROW.  HOIST.  CtRCSIVE- 


SfLTY  SIND:  Oa*  ss ey  to  slack,  wist,  oboe,  slight 
57  PLASTICITY,  PINE  TO  *011*  GRAJ*J  SAW- 


SINO/SILTY  SIND:  USNT  MOW,  WIST.  SOM  CUfWS  OP  STIFF 
2*  ?•**  SILT,  NATE*  AT  18  FEET.  JOHNS  HD  AT  18  FEET 


SMD/$arY  SIND:  Bpc»#<,  MOIL*  TO  COARSE  sac, 

FEN  GRN/EL  TO  3/9  INCHES,  REFUSAL  AT  10 *0  FEET* 


GRWilY  smD:  Brow,  djn»,  dense,  6R»a  r»  1-1/2',  fine 

?1  TO  WDIIAI  $Mim>  SAW,  REFUSAL  AT  13.0  FEET. 


SftlVtllT  SIW/SILTT  6RAVFILY  SIR":  MULTICOLOR©,  WDUA 
TO  COARSE  GRAINED  SAM),  GMFEL  TO  7  INOCS,  LARK  BROW. 
«rt  CLATEY  CLlfTS  AT  1?  FEET- 


3S  9  V  50 


M.Tt  $mn  Reddish  dam  mat*,  wist,  ojwsive.  refusn. 

*T  T*-5  FctT  Oje  TO  POCK- 


SIND:  Brow  an>  grey.  o©ise.  medh*  graihd  saw- 


jASP*  Z*'1  sfdo:sh  dajk  brow,  wist,  cohesive- 


^ _ 

SR/Sft 


WMU.Y  VBTWSII.TY  5RMLLY  SARD:  Multicolored,  coapse 

GRAINS)  SAW.  3RN/S.  TO  2  INCHES.  R0MSAL  AT  25-2  FEET- 


,-V-TV  '■ftM’J.T  SAX":  FEDOISH  BR9*.  WIST.  SOW  COHESION. 
3° ML  to  I  INCMFS,  COBBLES  ft)  ft  (NCWF- 


SH/SR 

fcdl _ _ - 


*>  8$  8 

■#>  %  9 


SUO/SILTT  SIND:  Hjlti colored,  fq,  sr*el  to  1  inch- 


‘;bMLlT  9IRD/S1LTT  «MUJf  $W):  Multicolored,  wist. 
•>rf«L  '■?  ’  lNG€S.  COMLCS  TO  9  INCHES-  REFUSAL  AT  35-0* 
OR  TO  POO  - 


1  SEE  PLATE  II  FOR  LOCATION  OF  TEST  HOLES  AND  TEST 
TRENCHES 

2  SEE  PLATE  8 A  FOR  LEGENO  AND  CLASSIFICATION  SYSTEM 

i  SEE  TABLE  S  FOR  OATE  DRILLED  OR  EXCAVATED  AND 
TYPE  OF  EOUIPIAENT  USED. 

4  ALL  TEST  HOLES  AND  TRENCtCS  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT* 
IN  THE  CHANNEL  AND ’EXISTING  GROUND’  ON  BACK  SIDE  OF 
LEVEE 


U.  S.  AAMY  MUM  DtSTtlCT 
IOS  ANGCtfS 

_ _ OQB  Ft  OF  EMOMHIS 

SANTA  ANA  RIVER  MAwSTOA. CALIFORNIA 
PHASE  3t  GENERAL  DCSKJN  ACMORAMDUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGNEERS 


STA  1023+00  TO  STA.1007+00 


SAFETY  PAYS 


PLATE  HA 


»M„r  fur.lNEERIMS 


INVERT 

THW-11QB  57*  1007*00  C 


J.ft 

SP 

56 

5  5 

auKutu* 

SAP®.  W*«L  TO  2  IPCP*S,  ***  * 
CF  XU 

n  U - 

6-0 

SP 

47 

l  I? 

OMIT  fltAME L:  »U.TICOUMH>.  W 
IS!  **0.10  2-1/7  INO«,  9 

-L5_ 

SP 

55 

it 

_ _  2* 

«AV€U.T  W»».  «w.ncnj*E),  *i 
cop«Lfs,  amrsx.  at  8.5  f«t  ou 

TH84’IIQ5 


WHIPS  5TA  985*0 0  » 


DEPTH 

L06  * 

LL 

PI 

-9 

-200 

« 

Descaieti* 

SP  <* 

* 

97 

15 

SILTY  SAW*:  fro*,  dpw  to  hoist,  loose  to  hedii*  dobe, 

TO  COM***  *  AIMED  Si*®.  '-.0*0.  TO  5  INOCS.  Ft* 

OUW5- 

INVERT 

TH84-II09 

3-Q 

.... 

ST*  985*00  C 

a-  25i» 

SX/5N 

* 

92 

9 

229 

SAP®.  FBI  **€L  TO  3  INCH.  F©<  Ct»MES.  REFUSAL  AT 

4.0  FEET- 

DEPTH  L06  * 

LL  »!  -4 

-200  4  Description 

M  - 

ffl*£LLY  SAW):  LIGHT  MO* .  DRT  TO  i 
0  COARSE  GRAIl*D  SAW.  GR*EL  TO  2  I PC 

START  CE  H£- 

SfT 

* 

91 

15 

42 

SILTY  SAW):  GREBPISH  RRO*.  HOIST,  DWSE.  P*DIt*  TO 

QM4SC  STAINED  SAP®.  LOBES  »  IMP*  (MET  SIlT,  CONES fVf. 

79 

M_ 

SP 

rP 

37 

2 

42 

5*0:  LIGHT  BPK>«.  H5IST,  HEDliN  TO  COARSE  iftAJNED  SAP®. 

FW  COBBLES- 

72 

2 

LZ-Q 

60 

1  SR*EL  TO  3  INCHES.  SOI  COBBLES.  FA 

SM/Sf 

HP 

77 

12 

24 

5WVEILT  S*0/S’T1.T  (3UW1J.T  S*4;  LIGHT  mot*,  P**1$T, 

•Oil*  DOT  »->Il*  TO  CA0RSE  «A1N©  SAP®. 

1S-B 

16-0 

* 

54 

19 

79 

39 

32 

SILTY  S*0:  DA*  *fv,  WIST,  CRMPIC  »®U..  COCSI**- 

MUJ  . 

SP 

95 

9 

5*0:  6RT»  TO  W9«,  *T,  TIME  TO  «AIP€T  SAP®. 

HATER  AT  18-0  FEET- 

5K 

99 

3 

21 

WWEU.Y  SAW:  PU.TICOL0AED.  P«DI(J»  TO  CSVPPSE  GRAIP€D 
^AP®,  **EL  TO  1  INCH.  ACTED  HX  AT  18  FEET- 

Zl-Q 

sn 

30 

6 

97 

•0 

7 

SILT*  SAND.  GREENISH  MM.  F)«  To  P«Dll*  3AAIIRB  SO®. 

'»u  Fooam  cr  silt,  soft  cop*  si  on. 

Z5-0 

25 

SAT"':  1a.TIC0L*B>,  PWDll*  TO  COARSE  *  AIMED  SAW, 

OCCASIONAL  BRMfL  TO  1  INCH- 

su 

* 

99 

4 

NOTES 

iOJL. 


SJdDi  puticolorb).  co arse  « aimed  saw,  ormel 
15  to  3  inqcs.  m  ctMLfs  to  S  inqcs- 


S 


AFETY  PAYS 


tAlUf  ENGINEERING  PAYS 


i 


TH84-|I0« 


* 

•mw-noa 

t*r-iic» 

_ 

___ 

SU  100X0  t 

a.  2731 

DOTH 

106 

AC 

U 

PI 

-9 

-200 

I 

Description 

ID  ' 

«  1 

SU  IM740  C 

a-  2561 

T^?'  BP*  TB  **>IST,  LOOSE,  ft  IT 

s  yv«£?*s-  ”*  «*>• 

SINE 

i  t 

RC 

U. 

pj  -A  -200  » 

Oeswirncw 

~UL 

6C 

32 

11 

55 

13 

cc 

-*• 

66  3  5 

«*«u.t  yRO:  U«mt  nor.  low,  pine  to  icmix  maimed 

SMC.  9*fi.  TO  2  |NO*S,  so*  cawws.  UStH  nlc  at  stmt 

CP  *)IX 

JA_ 

sp/sn 

% 

18 

71 

w£ait£  ■2a..1"'  "°m'  *«•  ««»  W 

rt,  s 
r  anu 

_ 

97  1  l’ 

SMC"  a«Cl:  MA.T1CQL0NQ,  HOIST  TO  <«T.  COARSE  6«A]i«D 

SMC.  SA  AML  ID  2-1/7  INOAS.  <rBM.PS- 

JUL. 

sc 

35 

12 

% 

7* 

28 

K*»-  °**ic  a«i.  «■  m,  „ 

SS*n  f!5tr*"“  “*•  *“  **“ 10  «“•» 

r 

55  * 

_  2* 

SAB":  MA.T1  COLOR'D,  MOIST  TO  tCT,  STHB  UWGE 

CLWLfS.  REELS*.  AT  8-5  ESfT  n<  m  uittt  BaUW 

SR 

28 

39 

r. 

*L**'  «WIC  SELL,  IRDtlH  OBOE  TO  B06Z, 
oaEsiai.  combe  mahc  smc.  sw  acuar  to  «*«*© 
«A«.  TO  3  1NORS,  R&USA.  AT  13-3  T*T. 

f 

1M 

17 

23R 

33 

SATO/5ILTT  SARD.  7 Mr.  f»rt  saai«g  smc.  rmacll M)  -m 
BOIACED  6AAra  To  2-1/2  lrocs-  ^ 

> 

SN/SR 

* 

5 

29 

«Wfax  SAND/SJLTV  SUNtLlY  SNH):  Sm«  as  -wort 

1 

1 

J 

2L1_ 

r- 

7 

*5  SPT  AT  18-5  BffT  DUE  TO  ROCK- 

! 

i 

l£L-Q_ 

SR 

175 

17 

M'.TY  SARD:  Ba^AKWET,  NET.  SO*  COCSKW.  R|«rt  MAIN® 
s«w  A  POCMET  or  DMA.  OREV  SILT.  CttCStve.  -ATT*  AT 

71-3  rgpt.  crrr  «rert»T- 

ILfl 

«. 

49 

16 

iV 

54 

72 

S4R9T  sii.7  srom,.  »ct.  me vija  ce«SE.  so«  cwaus. 

'^MBE  GftAinED  SMC- 

2LH__ 

SX/SR 

59 

7 

SUYPLI  SJRT'^li.TY  SUWlll  SNI’V  COMSE  »m«> 

SMC.  RdHOED  TO  SUMOMOCD  SRArtL  TO  3  lAOCS.  R(U«D 
COBSlES  to  p  J  ACHES.  NO  SPT  AT  29-5  rST. 

c 

i 

2LQ _ 

SR 

W 

• 

i* 

25 

16 

S’iLT>  ypD  5a*tssm  vkk*.  cacsi<rt  cuits,  ti*c  waited 

SMC.  OCCASiCHrt.  ANGULAR  TO  SL* MCOLAB  GRArtL  TO  2'l/2'- 

TH  84 

-  If  09 

12£— 

SX/SR 

9» 

3 

SARH/SIlTY  SARD:  l|6kt  bROM.  sort  CUrtSIO*.  OCCASIJML 
l»cuce)  TO  S’JBROUNOO  SRArtl  TO  l  INCH- 

SI'.T:  ’ROM.  SOME  CffrtSlCN.  OCCAStflNM.  ACUCED 
-jja-EL  rr  1  INCH,  OCCAS19UL  COBLES  TO  k  INOrtS- 

— — 

5M  98 W»  f 

*t-  ?5IT 

55.0 

* 

31 

6 

IX 

*7 

25 

*t  LOW 

,  MLT  1 

LL  PI 

*2W  6 

ItSCRIATiON 

a  l,6MT  WOW'  D*»  ID  NO]  ST.  VERT  lcoSE 

S51  ,5*31? 5"®-  ***- 711  ?  *****  ***«*«' 

ED  S* 

AT  /, 

n 

2 

T“  . „  *■  "WIST  TQ  trtT  COARSE  SAAlWfi  <JHD 

I  -»«*.  n  !  IW«.  m  caul,  SKrYSVr. 

SCALE-  1  *'$fT 
s  O  5 


•0 


ATE 

ES 

ATE 


rl 


MOTES: 

1  5tE  PtATE  II  fOR  LOCATION  Of  TEST  HOLES  AMO  TEST 
TRENCHES 

i.  SEE  PLATE  BA  PON  LEGEND  AMD  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  «  PON  DATE  DRILLED  OR  EXCAVATEO  AND 
TYPE  Of  EQUIPMENT  USED 

A.  ALL  TEST  HOLES  AW)  TRCNOCS  WERE  SET  Up  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT' 
IN  THE  CHANNEL  AW) 'EXISTING  OROUND'  On  BaC*  SIDE  OP 
LEVEE 


— 

. 

vrnACK 

■BBC—RCrR, 

MI« 

•mOTAL 

REVISIONS 

U.  s.  ARMY  B40NKR  DKTMCT 

tot  AMOaes 

CORPS  OP  INOtKM 

HMMBtr. 

SANTA  ANA  mve«  MAIN5TEM.  CAUKMMA 

PHASE  S  OOCNAL  OESRN  MEMOPANOUk 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGMEEBS 

STA.1007+00  TO  STA.985+00 

*•«**•& 

<mmt* 

•jmrrm)  «r<  p*h  _ 

WK-NO.  OACWOP- _ ...... 

MWCTIUNa 

_ 

MKT 

PLATE  II  • 


SAFETY  PAYS 


VA I  IIP  ENGINEERING 


TH  8  4  ~  1106 


TWfc-1106  STA  985*00  L  a-  256* 


DEPTH 

L06 

HE  LL 

PI 

•A 

-200 

II 

Description 

K 

a/sn 

IP 

90 

8 

SND/SllTY  SAffD:  Tin.  loose  to  'OK*'  DENSE,  fine  chained 

SAC,  FBI  MXHTCO  TO  SSWOUNOCS  0R*EL.  FBI  ANGULAR  COB¬ 
BLES  TO  9  INOCS- 

sn 

7 

*> 

98 

17 

15 

SILTY  SJW0:  Tin.  hoist,  fine  chained  sac- 

J 

SP 

92 

5 

12 

S/PD:  Tan,  wist,  m>tw  dose,  coarse  ORAiwrt  sac.  fb> 

RCLMOED  GAATEL  TO  1/2  INCH.  OCCASTICMAL  AOJLA)  TO  S(C- 
ANBULAR  COBBLES  TO  6  INOCS. 

J 

12.0 

SP/SH 

5 

IP 

39 

5 

18 

&WAJLTY  SAND:  Ta»,  WIST,  COARSE  GRAINED  SAC,  FBI 

RQJWED  ORA/ EL  TO  1/2  INCHES.  5  PERCENT  AWJLAR  TO  SLB- 
ANBULAR  COBBLES  TO  6  INOCS. 

L 

a 

2 

77 

9 

26 

GRA^LLY  SAND:  TAI,  HOIST.  COARSE  GRAINED  SAC,  ROWED 

OR  AW.,  5  PERCBIT  ANGULAR  TO  SUBANGULAR  COBBLES  TO 

6  INOCS- 

1 

15.0 

a/sn 

J 

•P 

86 

2 

79 

SWD/S1LTY  SAW-.  Tan,  hoist,  coarse  grained  sand,  bounded 

CRAWL.  5  PERCBIT  ANBLAR.  It)  SUBAfi’LAR  COBBLES,  HATER  AT 

18-0  FEET,  ICO  REVERT  AT  13-3  rEET- 

W13-0 

SP 

38 

7 

23 

SAW;  Coarse  grained  sand,  snivel  to  3  inocs.  conbles  to 

5  INCXS.  ClV/AG  AT  19.0  FffT. 

21.0 

2 

NP 

33 

7 

SAHD/SILTY  SARD;  Coarse  GRAINED  SAC,  AH&IAP  TO  SUft- 
ROfCCD  GRAVEL  TO  3  INOCS,  FBI  ACO.AR  TO  SLBANRULAR 

COBBLES  TO  3  INOCS- 

29.0 

l 

61 

1 

11 

GR*£LLT  SAND:  TAN,  HEDKH  DOiSE.  COARSE  GRAINED  SAW, 

AN5ULAR  TO  SUBROMOED  GRAVEL- 

9 

36 

3 

19 

SAND:  Tan,  coarse  graiwd  saw.  fiw  grained  gravel  to 

\P  INCH,  POCKETS  OF  BRCMNISH  GREEN  SILT  AT  ^.J  FEET. 

SOW  COHESION 

30.0 

sn 

W> 

32 

20 

T 

WAVn.i.v  SILT*  $A»N.  Tan,  coa**  grainri  saw,  pockets 

OF  BROPIISM  CR^EN  SILT- 

1L2. 


5M/SH 


HP  35 


‘••'PU.Y  SBin/Stl.TY  CflAWI.l.T  S»*n:  ^"Xf  GRAINED  SAT. 

7  suBwcLuner)  to  angular  gratel  to  1  inches,  pockets  ;cumps’ 


LHP  ENGINEERING  pays 


•'••-nr 

$’*  iTH»  i. 

TH84  - 

HOT 

X»M 

.»  W 

*'■ 

■4 

.'•X’ 

% 

MW  '*  Wi*»  ..vw 

•«k  «.\MftC  r*  **«••*«  «*K  "? 

‘■W  -M.W  >.«C 

•  -  w 

?  * 

T 

i 

V 

JE 

i 

L' 

? 

$•! 

4 

*  l 

MW  .S**  »*.**  V.  >’  ^TiJ.  iMc 

«th  »*«.  “■•  1  W*S  -'-■•■LtN  *V  >  .«  «  »* 

k*  *«* 

3fc?  * 

« 

X 

»*.  x«cl  r  ‘  'M"  • 

v :  *ir 

i**.**?  V^C 
«4S  CC  t  w«-^ 

? 

j< 

* 

•** 

*tt-*  MW  .  **'  mw*  v  >• 
ns*  .»%e.  -?  '  ■«>*  -  .*WL:T  ~  - 

‘  X  >^C 

Vf>  «F.s*  r 

>.*'•  jMt*  *cm  ««*  at*??.  — 
.■X?r> 

*••  '  v<-  SJ* 

? 

* 

x 

X 

S 

J 

MW  X:  i**?- 

?  ? 

V 

* 

\*r  •?  .■»  :»:  .  w*'  mcm  «.  * 

‘  ^P<sfe  3»»®.  r 

'»  • 

>T» 

* 

r 

- 

***■_•  :**'*.'  'JlW  •  ••'  ■ 

4»f'  »  5»  »»  i* 

. 

? 

- 

«*•*_  T  ’-.  "  C4 

-rnr^f  =*.«■  :^c 

,• 

»S 

9 

¥ 

* 

-^•T.'.  .-  -jW  .  •=-*  505-  *.;  - 

=*»  3T'  » 

:  <  n*.<C 

_ 

IM"  ■**>*  n:  -  ~+r  £ 

«C 

♦ 

r 

- 

-J*:  1  .-•  ■-»*  <  :- 

w*®.  T  ■'.  "  C*  ~  : 

;  ■<  v*c 

•:<  •.•>«  :>€-.  ■ 

”  - 

f 

i 

3* 

•*!  ^  -5.  '•** 

"*  .  >•' 

W£  r*  M-  ^  v  ^_tx  IW( 

-imcxs 

>  V?  «•  *C»  45CSC  m(  fV!M 

1  ICC  Ifti  %  WJ*  5*it4i;  '>  f  /',i«»*».'  **• 

''n  '/  fOi'^wir-  /ICS 

*  *0.  ir  *iai  mc  xm  u-  #  v* 

■«C  J  ft£  'JCT  '/<**«  r,T,  t;  •  *#*»'• 


LUE  ENGINEERING  PAYS 


BORING  LOO 


MT 70-22 

mnnsr,  iiflfir.fi  *  C*i‘***r* 

test  boring  loo 


MT  70-23 

mnflBf.iTflflf.fl  ■  c*«‘nf,r*  ■ 

TEST  60ft  I  NO  LOO 

cue  vat  ion  fM* 


iiii»flw:iU)flrp  •  u . 

TEST  BORINS  LOO 


I  SEE  PLATE  ll  FOR  TEST  SITE  LOCATIONS 

2.  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ARE  CONTAINED  WlTNlN  THE  REPORTS 

3-  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  profile 


U.  S.  ARMY  CNGUCa  WSJIICT 
105  ANGEUS 
CORK  Of  tNGNECR* 


SANTA  ANA  RIVER  MAINSTEM.  CALIFORNIA 
PHASE  2  GENERAL  DESIGN  MEMORANDUM 


LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA.  1030+00  TO  STA.965+00 


AFETY  pays 


MT 70- 30 

IMC&Tm 

TEST  BOItlNf  UW 


mi£$. 

»•  SEE  PLATE 


II 


FOR  TEST  SITE  LOCATIONS. 


2  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOSS  WERE  TAKEN  ALL  LEGENOS 
AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3.  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


— 

1 

MSOVTKMS 

AM* 

j  REVISIONS  | 

U.  $.  ARMY  mct««  DWUCT 

LOS  ANGEUS 

CORK  OF  ENGINEERS 

H 

Santa  ana  river  mainstem.  California 

PHASE  B  <S0€RAL  OESKN  HEMDRANDUM 

LOGS  OF  INVESTIGATION 

BY  OTHERS 

STA.  1030+00  TO  STA.965+00 

SURMT7ID  RYt  DAT* 

apmowi 

. 

SRC.  MO.  DACWOR- _ %. _ 

Dunne  w  mo. 

MET 

PLATE  HE 


ELEVATION  FEET 


VALUE  ENGINEERING _ P/ 


TH84  -  1201  TH  84-1202 


TW9-1201 

STA  960*00  A 

a-  2S» 

1*9-1202 

STA  950*00  A 

a-  2S4t 

DEPTH 

L06  PC 

a  pi 

-9 

-200 

n 

UesoupTiot 

DEPTH 

LOS 

PC 

LL  Pf 

-4 

-200 

N 

Description 

SW/SPf 

IF 

90 

8 

SJWO/SILTY  SAMI:  Rgoha,  loose.  fine  grain®  saw,  fb< 

SB*«L  TO  1  INCH. 

9 

*> 

86 

3 

SAW/S IlTY  SAW:  »aw,  moist,  grmel  to 

RffUS*.  AT  3-5  FEET  DUE  TO  ROW- 

5P/31 

IF 

94 

S 

* 

SATE:  WITH  CUJFS  OF  MOM.  WIST,  COCSIVE  SILTY  SMD. 

REFUSAL  *T  9-0  FEET. 

21* 

SM/SP 

31  9 

IF 

98 

20 

18S 

SILTY  SAW:  GREY,  WIST,  FINE  GRAINED  SAW,  REFUSAL  AT 

7.0  FEET- 

92 

10 

SAW /SILTY  SAW:  6RSY,  MOIST.  FJ«  GRAIN®  saw,  m 

GR*EL  TO  1-1/2  INOCS* 

9 

F 

99 

12 

A 

S^C-  6RCV.  slight  comsiat.  cm  me  9*1 
TO  1/2  INCH,  REFUSAL  AT  9-5  FEET- 

12-0 

NO 

90 

10 

SAIE:  BROM,  FIW  SRAIN®  6RAFEI- 

31 

IF 

98 

n 

90 

SILTY  SAW:  Srey,  moist,  fiw  grain®  saw,  cuh>s  <f 

CLAYEY  MATERIAL,  ADD®  MX  AT  18-0  FEET,  REFUSAL  AT  16-0'. 

sp 

9 

F 

80 

15 

A 

SILTY  SAND:  GREY,  MOIST,  SLIGHT  COCSITN, 
REFUSAL  AT  12.5  FEET. 

27* 

SP/SP 

F 

69 

5 

WAVaiY  SAW/SILTY  9RA^LLY  $*n 

ROW®  TO  SlXAMGULAR  G»J*EL ,  CORALS S  TO  ' 

18.0 

tiLi 

•F 

65 

17* 

auvrur  SAW/91LTY  3lAV«liY  SAW:  I*JLTICX0R®,  SATU¬ 
RATED,  COARSE  GRAIN®  SAW,  GRAEl  TO  3  INO€$,  REFUSAL 

AT  19-0  FEET,  HATER  AT  19-5  FEET- 

SH/SP 

NP 

86 

10 

7» 

SAND/SILTY  SAW:  0ROM,  MOIST,  BOKDEC  T< 
GRAVEL.  COBBLES  TO  9  INOCS,  POOCETS  OF  5< 
AT  18-5  FEET  DUE  TO  LARGE  COBBLES- 

Brrr 

’ 

GRAVELLY  SAND-  Coarse  grain®  gravel.  sm 
row®  gravel  aw  cobbles,  hater  at  21-5 
revert  at  21-5  FEET,  RSTOSAL  AT  21-5  FEET 

16 

SH 

75 

9 

R 

90 

11 

SAW/SILTY  SAW:  Rrom-wlti COLOR®  saO*at®,  fine  to 

COARSE  GRAIN®  SAW.  FEN  GRAYEL  TO  2  INCHES- 

$P 

91 

4 

R 

SAND:  BRORi,  ROUNDED  TO  SUBROwD®  CQAR 
GRAVEL  TO  1  INCH,  REFUSAL  AT  75-1  FEET. 

29-3 

sp/sp 

97 

SAND/SILTY  SAND:  Bft on.  loose.  slight  c** 

GRAIN®  SAW- 

n. 

34  7 

# 

n 

SAWY  SILT  9RO#«,  NET.  Cf»CSIVE,  FI«*  GRAIN®  SAW, 

OCCASIONAL  SRiMEL- 

30-0 

3VSC 

27  5 

*6 

15 

SILTY  SAW/O-AYTY  SAW:  Bro«.  inchevf 
GRAIN®  SAW.  REFUSAL  AT  30  5  FEET- 

33.0 

35.0 

SP 

38 

2 

R 

SAND:  BRCHM-MULTICOlORED.  DENSE.  REF  •' V 

36.0 

SM/SP 

F 

93 

6 

SAW/SILTY  SAND:  Bajohn-hul  ticket  :  e 

TH  84  —1204 

!«*  iw  $r«  «•-’  l  a-  nit 


ntPTH 

LOG 

PC  LL 

Pl 

-9 

-200 

N 

Description 

SH/91 

F 

99 

12 

SAMJ/SIITY  SAND:  Ta*.  DRY  TO  MOIST,  LOOSE.  FINE  GRAIN® 
SAW- 

Li 

31 

ff 

* 

u 

12 

SILTY  SAND:  TAN,  WIST,  M®lu*  DENSE,  FINE  GRAIN®  SAW. 
OCCASIONAL  ROUND®  TO  SUBROUAC®  6RAVEL  TO  172  INCH- 

5-0 

38 

6 

S#©/$llTY  SAW:  Brora.  SLIGHT  COWSIW.  FBI  SUBROUND® 
GRAVE  TO  3/9  IMCWS- 

a 

w 

93 

u 

SN/SP 

HP 

93 

11 

9 

SAft:  MOIST.  FBI  GRAVEL  TO  2  INOCS.  SCAC  ROOTS,  SOW 
COWES  AT  10-0  FHT. 

7 

S !»«.:  »OOTS  AW  BARS®  HIRE  AT  19.5  FEET. 

11:1. 

LS.Q 

sn 

AP 

95 

fll 

SILYY  SAN  9:  too*.  WIST,  SO*  COWS  ION,  COAPSE  GRAIWS 

SAW- 

NOTES 

SM/SP  8 

F 

90 

12 

SAND /SILTY  SAND:  too*.  WIST,  FEN  GRWEL  TO  2  INOCS. 

3*  COWLES  TO  6  INOCS.  REFUSAL  AT  16-0  FEET  t»JE  TO  ROCK- 

SEE  PLATE  i 
TRENCHES 

J.O 

2 

SEE  PLATC  i 

«  6 

99 

35 

SILTY  SAW/OAY1Y  SAND;  Brow,  WIST,  OCCASION  GRAVEL 

TO  2-1/2",  COBBLES  TO  6*- 

3 

SEE  TABLE 
TYPE  OF  EC 

4  22. Q 

SP/SC 

SMC:  LARGE  BOULDERS.  DIFFICULT  DRILLING ,  HATES  AT  22-0'  - 

4 

ALL  TEST  ► 
THE  LEVEE 
IN  THE  CHAI 
LEVEE 

26 

5  V  9 9 

SAff:  Daw  broan,  slight  cowsiw.  fine  graiwd  saw. 

1-17?  ‘  BOULDER  AT  77 !*• 

2LU _ 

SAFETY  PAYS 


yALUE  ENGINEERING  PAYS 


TH84-I202 


Th84  —  i?n^ 


T«4-1205 


1 - - - - - - — - - -  - —  a.  2 s« 

«  a 

pi 

-4 

-200 

n  OfSOUPTlW 

DEPTH 

LOfi  K 

a  pf 

-4 

-200 

X 

OCSCRIFTIOl 

4 

N» 

96 

9 

SNffl/SfLrT  smO:  MOIST,  s;l*r.  to  3  INOCS, 

«FJSA-  AT  3-5  FEET  tw  TO  BOO!- 

SR 

— JE_ 

v 

2E'  LOO&.  FI*  «A«®  SN®.  AQJOED 
NATO!*.  TO  1/5  ["°€S-  1  >"W  FHOCEn^  TONER 

I 

z» 

j-q. 

NP 

99 

31 

14 

t 

.6 -a. 

a. 

41  16 

100 

9u 

SNWT  CUT;  Back*.  WIST.  OTT  To  stiff,  cocstve. 

K 

1-0— 

SX/SR 

4  *> 

98 

11 

5 

Li**  tni.  wist,  occasional  wumed 
SMrtL  to  V4  INC*€$.  CWUS  AT  8.0  FHTT- 

3 

*> 

9* 

12 

SNf :  SRtV.  SLI6KT  CONSIGN.  ORGANIC  SPELL.  FB,  6RRTELS 
t  TO  1/2  INCH,  REFUSAL  AT  9-5  FEET- 

SP/SR 

10 

to 

w  imSSJ'i0**  GRAINED  SAC,  FB<  GAUVEl  TO  3  INOCS. 
s«  POCKETS  at  SILT,  ACTED  WD  AT  9-0  FEET  DLE  TO  CANUC- 

HP 

90 

10 

SNE  Bwjn.  sbained  6<uva- 

12 -D 

l 

w 

90 

15 

silt*  SWT  Soft,  hoist,  slight  cocsion.  onsawc  well. 

4  REFUSAL  AT  12-5  FEET. 

<p 

68 

l 

17 

nSis  S*K,:  ***"■  c’*sc  «*>««  SAW,  grwel  to 

V 

*> 

64 

5 

SUVTLL’  S*r/5tLlV  3RAVFU.T  SW0:  {kmn.  wist.  si®- 
OCUOTO  TO  SJBN6UL*  L»/*/EL.  COPN.ES  to  5  INO«S- 

13-0_ 

74 

« 

14 

\ 

NP 

36 

W 

SANT/SI'.TY  SWI  BBOFi,  wist,  rou«d  to  suwapreD 

7t  G**fL.  CCMlFS  TO  3  INCHES,  BOOSTS  CF  GRfV  SILT,  REFUSAL 

AT  13.5  *E£T  O*  TO  lAA«  COBBLES- 

9X/SR 

?7R 

SMTOr  SWID/SILT.  S*1:  UlncmUHi. 

CO«Sf  GRAINED  SAHD,  G4A»fl  TO  3  INCHES,  RE^itN.  016  TO 

} 

L.  . 

75 

4 

9UVtL.»  9W  Coarse  grained  g»/nel,  slmoikjcd  to 
»  »(JK*3  W*Ei  CORUlES.  hater  at  21-5  FEET.  TOOIW 

r»eot  at  21-5  feet,  refusal  at  21-5  beet  aoe  to  «xx- 

24-Q 

¥> 

3 

> 

'**  Cobbles  to  6  incws. 

r 

SiH!'  too*  rohded  to  siJwcunoee.  coarse  ">rai*CD 

8  TO  1  INC-.  «?T‘rtN.  AT  ,5-:1  TfET. 

_ 

91 

' 

2L5L_ 

SP 

•.2 

15 

s«n  nultiitoloped.  wist.  cr>ARSf  goainfd  s*«. 
-.RWEl  TO  3  INCHES- 

* 

V 

9 

Swr^J’.T*  swn.  r»ch,  un0M  sli6*t  C(>cslnKi  tone 

6  5RAINET  SAW- 

2'JL_ 

SP/SR 

-0 

$Wr/SJ:  Tv  SANt).  Rrof,.  WIST.  WDI-H  DENSE  to  lIYTSF, 

SllSHT  r^SICH.  G9NW.  TO  \~\n  INCH. 

,Vi<ir'  - '  “f**:  ■NLTfOXOPTT*,  YTfTT,  <TO4KE  ***>. 

r 

; 

96 

15 

c,.  T.  siprai'Tv  s*n  Bw*.  increase  IN  ct^sio*.  tone 

WAiNEE  '.ATT.  REFUSAL  *t  $f>.6  rftT 

52.3 _ 

*P 

4- 

* 

» 

l 

’  5M9  4^*F*-Mi.M.:aoNeo.  w  iff  is*,  at  ns  feet- 

SR 

s/w*  '«»•,  won.  slight  cohesion,  fine  spainet 

SAW,  oatrnfG  W»AEL  TO  1  INCH,  COWLES  TO  1  FEET, 

SOHOR  WLWRS  TO  1-1/7'  • 

93 

yp'i/ci-.rv  bbcwf-nultic.xcped.  surrounded  to  si*- 

NBI  NMiffT  —  ..  -  ... 

Ji.C — 

— 

_ 

_ _ 

scale  *  »<■  SET 


t-i  t— i  ->t=l 


'  SEE  PLATE  12  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8  A  FOR  LCQENO  ANO  CLASSIFICATION  SYSTEM 

5  SEE  TA8LE  «  FOR  DATE  ORILLEO  ON  EXCAVATED  ANO 
TYPE  OF  EOUIPMCNT  USEO 

A  ALL  TEST  MOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THf  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  *  INVERT* 
IN  THE  CHANML  ANO 'EXISTING  GROUND’  ON  §AC*  HOC  OF 
LEVEE 


(TMKX 

M 

»W10*»A 

KKVIStONS  | 

U.  t.  ARMY  WON*  OOTWCT 

108  AHOMS 

COtP*  OF  (NONW1 

MKMBBT. 

8ANT4  AN*  RlVtR  NMUNSttM. CAUR3NNIA 

PMA9E  a  UOCRAL  OCSWN  MEMORANDUM 

LOOS  OF  INVESTIGATIONS 

CORPS  OF  ENGNEERS 

n*<HM  BE> 

OKWBN 

r  a  ■  if c  ENGINEERING  pays 


depth  log  nc  LL  *1  -4  -200  » 


11  28  13  n 


27  7  9*1  4? 


fi«  welly  a*YFT  SWD:  bro«,  moist,  otarse  gr/uwd 

saw.  naiKr  to  slbmimoed  sracl  to  7-\P  vtctts. 
RCUKECD  COBBLES  TO  6  INCHES.  OOT1MENT  STONE  TO  12  INCHES 
AT  2  WET,  3  INCH  SILTY/aAVEV  COWSIVE  CUN'S- 


CLAYEY  SKID:  Saw  as  ab we- 


SR  WELLY  CLAYEY  SAND-  Saw  AS  ABCXE,  WDUH  DENSE, 

26  HOMXD  OfAB.  TO  1  INCH.  COBBLES  TO  1  ROOT.  DIFFICULT 
DRILLING- 


SILTY  SAHP/aAYEY  .SAN1-  n*»*  grey.  WIST,  MEDIUM  DENSE. 
SLIGHT  OXSION.  COARSE  SR  AIMED  SAW,  T9*  ROUNDED  TO  SlB* 
POUNOEP  5ft AtL .  COBBLES  TO  6  INO€S,  ORGANIC  SNELL,  STEEL 
CAOU  AT  11.0  FST- 


S«:  FEN  GHAEL  TO  3  INCHES,  COBBLES  TO  9  INCHES. 
ORGANIC  9ELL- 


»'VaLY  CLAYEY  S/W;  f*EY.  *,o)ST.  WD-  DFNSE .  COHESIVE. 
??  ORGANIC  SWlX.  »OAWD  SJATL.  HO  COBBLE’S- 


SAW :  "N*  ROLHOED  TO  SUBROPOED  ft»A*EL.  X  IWH 

SILTV/CLAVE»  CUN*<- 

SMELLY  SfLTY  SWI:  '-REY,  MOIST,  HEDIUH  DENSE.  SLIGHT 
COCSION,  ORGANIC  9AEU,  COARSE  'IRA] MET  SAND.  BONDED  TO 
SUBROLNOW  GRWEL  To  1  INCH,  S  Pf ACWT  COBBLES- 


a*YEY  SAND:  FRET  SAND-  "OCXETS  OF  BRO*  COWSJVE  a*»0 
CUNPS,  FB*  GRAEL  TO  l/?  INCH,  S  »CTCENT  COBBLES  TO  S 
DIFFICULT  ORILLIW  0*  TO  BOULDERS- 


SCALE  I  IN*  3  FT 


1  SEE  PLATE  *2  POP  LOCATION  OP  TEST  HOLES  ANO  TEST 

TPENCHCS 

2  SEE  PLATE  BA  POP  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  •  POP  OATE  OPILLED  OP  EXCAVATED  ANO 
TYPE  OP  EQUIPMENT  USEO 

4  ALL  TEST  HOLES  ANO  TPENCHE3  WEPC  SET  IW  ON 

THE  LEVEE  CPEST  UNLESS  OTHERWISE  NOTED  AS  *iNVEPT* 
IN  THE  CHANNEL  ANO 'EXISTING  GPOUNO'  ON  SACK  SlOE  OP 
LEVEE 


SYMBOL 

MOMM 

DAW 

AffBOVU 

REVISIONS  | 

LOS  ANOCLS3 

_ COP  PS  OP  tNONWl 

SANTA  ANA  PIVEP  MAINSTEM.CAUR)NN«A 
PHASED  OEXPAL  OCSMN  ICMOPANOUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGtCERS 


STA.930+00  TO  STA.929+00 


VALUE  ENGINEERING  P 


TH84-I207 


T«4-1207 

STA  920*00  R 

EL-  2961 

TUBA-120 

DEPTH  L06  «C 

a  pi  -9 

-200 

H 

Description 

DEPTH 

«WOLY  SAID/SILTY  SR  WE  11 T  SW:  moist.  fine 

TO  COARSE  GRAINED  SAW.  Sfi*EL  TO  1*1/2  INCH- 

S 

*  as 

_9 

_Lfl _ 

SAO/SllTY  SMD:  SAME.  SO*  COBBLES- 

SX/S* 

IP  88 

11 

25R 

SAC:  REFUSAL  «  7.0  FEET  DUE  TO  BOULDER- 

-- 

9.0 

SP 

99 

9 

SAW):  Light  brow,  foist,  fix  grained  s/nd.  cfw  gr*q. 

TO  1  INCH. 

11:5.—. 

>P  95 

19 

SILTY  SW:  GRET.  WIST,  SLIGHT  COXSION,  *IX  GRAINED 

s*e- 

15.0 

*>  .  n 

169 

SAID/SILTY  $A»0:  6rev.  ndist,  fix  grained  s*e.  scme 

COXLES.  XFUSAL  AT  16-0  FEET 

w  16  5 

SAC:  ftotST  TO  XT.  FIX  TO  COARSE  GRAINED  S*C. 

GR*EL  TO  1  INCH- 

% 

SX/S*  9 

IP  97 

7 

M22-S 

259 

SAC:  Refusal  at  22-0  feet,  hater  at  22-6  *oot.  isix 
mx  at  22-5  feet- 

9 

0MVEU.V  SAID:  MULTICOLORED,  XT.  LOOSE  TO  XWJ»  CENSE , 

COARSE  GRAINED  S AM).  GRAVEL  TO  5  INCXS.  5  "ERCENF 

COBBLES- 

89 

3 

60 

2 

18 

iM _ 

.  .  , 

£-2- 

3*jL_ 


IMP  ENGINEERING  pays 


K?rn  to6  rc  a  n  ■«  -200  * 


SAT*  SllT>:  TaM-BRO*.  *CIST.  LOOM,  Ft*  GRAINED  SRC- 


SILTY  $4AD:  ^Mt-BBOW).  *CIST.  LOOK.  KDItfl  3BAJN6D  sak>- 


SAC:  •toll*  DENSE- 


SAQ/SllTY  SNR):  T Mr- BROW),  Hoist,  6R«imes  i  NC¬ 

SA*:  «T,  KDliH  TO  COJRSE  5HAIRE1  SAC- 


5AWEU.Y  SNRVStLTY  SM^ILT  \Hp-.  S»TT.  «t.  HEDI'H 
cm.  avwsf  srajrh)  sat  «ooc  Bcverr  at  15-5  feet- 


W  85  S  11 


NOTES 

i  see  plate  \z  for  location  or  rest  holes  a«  ’’est 


2  see  PLATE  SA  FOR  USCNO  **0  CLASSIFICATION  SYSTEM 

s  see  tabu  •  for  oati  orilleo  or  excavated  ano 
type  or  equipment  useo 

4  ALL  TEST  HOLES  ANO  TRENOCS  WERE  SET  l*  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT' 
IN  THE  CHANNEL  ANO 'EXISTING  OROtMD'  ON  SACK  S'OE  OT 
LEVEE 


U.  S.  ARMY  mOMN  M1KI 
LOS  AMOCUS 

_ OOMS  OF  ENOW S 

SANTA  ANA  RIVER  MAINSTEM,  CAUfOWRA 
PHASE  S  GENERAL  DCSWH  MEMORANDUM 

LOGS  OF  NVESTIGATIONS 
CORPS  OF  ENGNEERS 
STA.920+00  TO  STA.9 10+00 


VA I  nf  engineering 


VALUE  ENGINEERING  PAYS 


WM74-6 


VLUf  engineering  pays 


MT  70-14 


MT  70-15 


gogiwg  M 

”■«  to  C04rS?  -V* 


ii. 


*  tj  Mi-  ‘•'f 

jfer  'jr;  '«« 


*?■  *6  1» 


- 1 


1 


7^ 


MllfiCUBfif.fi  •  C, _ 

TEST  BORINS  LOS 


mnnfic  s isnca  ■  £*4Mrfn 

TEST  SONINS  L0« 


notes 


I  SEE  PLATE  12  FOB  TEST  SITE  LOCATIONS 

Z  SEE  TABLES  4  ANO  3  FOB  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3.  LOOS  ST  OTHERS  are  onlt  to  be  used  to 
DETERMINE  THE  GENERAL  SOIL  PROFilE 


1=] 

_ ___j 

— 

rma 

momcMi 

«■ 

AffKNAI 

II 

VISIONi 

u.  *.  aimy  mrata 

LOt  ANOdfS 

com  Of  tNOMNU 

■awn  nr, 

SANTA  ANA  RIVER  MAlNSTEM. CALIFORNIA 

PHASE  S  GENERAL  DC9GN  hCACPNOiJN 

LOGS  OF  INVESTIGATION 

BY  OTHERS 

STA  965+00  TO  STA.905+00 

V*C  NO.  MCWff. . 


HIP  ENGINEERING  pays 


MHO.:.  IS 

iv*.«  (/'*fr0>*K 

TEST  BOfflNt  LOO 

i-e.amjn  +  _ 


WT7Q-?n 

mnocuoflCB  "  httnrrr*  ■  /(rrfcant* 

TEST  B  Oft  I  NO  LOO 


>  iAIC  w't"  tun  Of  < I4.T 


a raun  to  CO»rs«  6RA',£lL»  SANG 


'  to  co«r«  SAMS  Jf’O  I’Ai'Ei. 


■  to  LCt'S*  i^.'Cc  -«:<*  -GSo 


M-i 


lit 

ijl  £  ||  *  I  Sgj  t  *  )|i 

MUM’lfe 


ffl&tia 

r.t  .  ;  i ; .  o  j 

T rp»  :•■■  t^c  Tft^  "ol*  i  l««(tier 


lit 


LI  'l  lVc^'T'  f;n«  to  eo.r*»  *i/xl  t/ith  cc-.ru 


5or - r p  '•n  birr*  t"»  •V'v  cd-n'tnf 

out  «f  *©«V:  i  r.fH»«t«<?  b.r..  a;rroK. 
tf>J  frer  tf"~  tf  b  n  . 

Crci<r-:  v*tcr  vt*  *- court  »?■*  jt  tl-».  ?4?. 
fan:":  v.f  j.  ??  r*xt  sw  ft  *ie*.  jf. 
l)'  eAftnr  r:«*  «*!  «•» 

Cone-  «'rtrf  .it  12  ter t  .vrf  bid 

eavirv^  Tror  7-  l-  }}'. 


NOTES 

I.  SEE  PLATE  12  FOR  TEST  SITE  LOCATIONS. 

2  SEE  TABLES  A  AND  S  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

1  LOOS  6T  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


SANTA  ANA  RIVEN  MAINSTEM.  CALIFORNIA 
PHASES  GENERAL  DESIGN  NCWRANDL*' 

LOGS  OF  INVESTIGATION 


STA  965-00  TO  STA  905+00 


ELEVATION  FEET 


v/AM.c  ENGINEERING  pays 


VALUE  ENGINEERING 


DEPTH  LOG  NC  U  PI  *• 


TWH-1J02  STA  89S*O0  L 

DEPTH  LT6  HC  U.  PJ  -4  -200  * 


$ j«:  snm  to  1-1/2  imocs,  refusal  at  5-0  feet. 


SILTT  W*tlL»  SAW:  Oam  MOM  m d  met.  hoist,  gratci 
*  83  16  79  TO  1  inch. 


snrr  SAW:  GREY,  HOIST,  COARSE  MUR ED,  SAND,  F1*  6MHEL 


SAW /SILTY  SAAB:  Grey,  HOIST.  COARSE  grained  saw.  6R*£l 


SAW/SlLff  SAW:  *»«,  HOI! 

39  SAW,  >»'«al  AT  ?•$  FEET- 


SAff:  Hater  at  17.5  heft,  won*  hd  at  17-5  feet- 


SAff:  HET,  -ATER  at  15.5  n 


hp  93  12  8 


«A*ILY  SAMA1LTY  5BAVTU.*  S«^D-  Tan.  coarse  grained 
SAW-  «»•<*.  TO  7  lNO*S- 


*  85  8  GMVEUY  SAHO/SIlTY  9WCLL* 


GRAINED  SAW.  nx  t»va  TO  \n  INCH. 


8  REFUS*.  AT  ?6-0  FEET  TO  <MO 

SAJf  Shew,  fine  grained  1 


MIC:  Pe*  SR*CL  TO  3  INOCS.  FIX  COMLES  TO  4  INCHES, 
NO  SPT  AT  33.0  Fff T  DUE  TO  CCMLES' 


V  100  25  A  SAH :  Green  n/  lens  of  <Mt* 

SW.:  GREW.  «INE  TO  COARSI 


AlVAiUi 


ENGINEERING 


PAYS 


co*f 


TH84-I302 


*  LI  -9  *2® 


$#0/$li.rr  SMBV  mam.  ndi$t.  Der».  coarse  saaj«b 
W  swr,  Rf*VSA.  at  ?.?  »ar. 


SAf  Taw-bto**. 


*  -tf - u_ 


SAIf  1P)U*  OEWSE- 


V  9?  12  3 


SM€  *T.  w«Te«  at  1^-5  FEET.  AO01W?  AtYERT  AT  1S-G- 


9I«C*»  SWWlTl  6M*LL»  SIM:  S*«  «  mo*,  r* 

<~n— i  jc. _ _ _ 


S!'.T>  $*?  * AR-fifKMt.  *T.  COARSE  3RAJWED  S MO.  FEW 

JP.  ...g  2S  ccrm.es  «•«***.  at  23.3  »rt  m  to  aocxs 


■  H  3  9PKKK  AT  25-0  FEET  TO  ROWS- 

V*  "-«*©».  GRAINED  S4C' 

S—W _ 22_ 


1®  2$  9  SM?  ■  ‘-PEER  «•/  LEWS  <r  •|l«.  VflW  OStSC.  REFUSAL  AT  29 -O' . 


TH84-I303 


DEPTH  L06  * 


°l  -9  -200  R 


5  SWD/SIin'  SUM):  Tan-wo*.  dry. 

—  «  arniM.  AT  0-5  feet  ag  td  mm. 


SIlTV  SW:  Om*  9 


SMC:  Grey,  ret  grmel  to  3  inocs, 


a  39  13 


SMID/SI'.Tt  S/W5:  Grey,  noist.  dense.  refusa.  at  in.)  fht 
ML  TO  ISRAEL- 


££- 


SJ>/»  J _ S.  39 _ fc_  9  *«JSAL  AT  17.3  FEET  DUE  TO  GRAtEL 

w  20  o  a/g  S  .  ?  ^ '  Tift" 


!*WiiT  <WWVGlLN  9MTU.V  GW.  GWE  as  wot*.  *w»- 
S*E».  WAIEO  AT  19 -G  FEET- 


T.»Y*t  9UVfav  S«3:  mafim.  «eT.  wo  SPT  at  20.1  "EET 

OR  To  COMUS- 


sc  ii_ 


-XL 


SWC;  tw. 

S  -T.»*»  9*RD:  TAN-BOO*,  LOOSE- 


2&.a_ 

2B.Q 


<3  20  09 

V  97 


AS 


(  ?MfpT  S|!.T  COARSE  3RAI*«D  SMC- 

_  20 _ 

5  Grey- tan.  coarse  jraiwet  sand- 


&:X- 


19 


SW/GllTT  SAND;  Grey- tar.  waut  oetsE,  coarse  graito 


SCALE  I  *4«3FT 


U.  S.  MMY  I 

to*  amocus 

coin  of  wow* 


SANTA  ANA  PlVEP  MAWSTE*.  CAUfOMMIA 

phase  a  odcpal  dcw»  »c»«aa*x* 

LOGS  OF  NVESTtGATONS 
CORPS  OF  ENGNEERS 
STA.900+00  TO  STA.885+00 
’iiiicNmy  lvK.no.  MCWOt- _ ► - | 


flUff  engineering  pays 


TH  84  —  1309 


DEPTH  L06  AC  Li.  PI  -R  -200  S 


SAMD/Slirr  SWO:  OftCMN.  DO*SE.  COM*  GRAIN©  SAfC- 


L  Pi  -4  -200  1 


OjMUT  SW:  LIGHT  MO*.  MOIST  TO  *T,  LOOSE,  FI*  TO 
6  5^'  -=*INET  S*C.  G»*ffL  TO  1/2*.  N*TW  *T  1.5  FHT- 


29*  S«:  Cobbles  to  *♦’,  refusal  at  2-5* • 


yRT  lLrICOLOET).  NET.  LOOSE.  COMSE  6RA1WD  SAC.  Fftl 

«**&  to  *  ino«s. 


%ftm  ^1LT :  TWOt*.  HOIST,  COHESIVE.  CONTSE  GRAIN© 


SW»  qu*t  »<X»W,  *T.  METHUH  OW*.  *{*  GRAIWD 

15  S*> 


29  SIND/SILTV  SW1):  Tm-BRO*.  hoist.  MEOlir  GRAIN©  S FN>- 


SAIF:  COMSC  GRAIN©  SAM- 


cii.r*  $*''Y  ^AvrL/a»ff>  SJW®t  «AVPL:  nuLTicaoR©, 
rg  ifT,  "OARSF  TRAIN©  S#C.  SP^EL  TO  J  1*0*5.  SO*  CMRtFv 
TO  T  !<OE'  SO*  CLlfTS  OF  CL AYE>  SILT.  REFUSA.  AT 
’/•C  FEET- 


SUT'S:.  I»  '4Rn'  INK  MO*.  NET,  *DI'H  DENSE.  SOME 
is  COge-tiCN.  FIN*  3»»1  ft©  SAHP.  FEW  GRH/FL  TO  T  INO€S- 


SANE:  *T.  WT©  AT  17-0' • 


•UflE:  Vq*-T*.  COBBLES  TO  5\  *®  SPT  AT  20.0'  tXt 
TO  ROOCS- 


W>  S7  7  SAIF:  CobRlES  TO  8*.  NO  VT  AT  ?T.<1  nc  TO  *»'• 


s«:  cobbles  to  i?  uacs- 


SVF-  SRC£*»  NITif  HKT  CO.OR- 


Y>  *  15  » 


S|I.TY  VWV  SREEN.  NET.  COARSE  S° AIMED  SA».  1  INCH  LBIS 
nust/bd  COLOR©  silt. 

SVE:  NO  LEMS  OF  SILT.  REFUSAL  AT  5l.r. 


Vf  F IMF  TO  COATSF  T°»I‘IC  5 /WO.  -**»  7»*FL.  !*©’":*L  • 
AT 


SW/SIlTV  $AN";  SREcM-RUST.  *T,  FINE  TO  COARSE  SRAIKr 


SCALE  I  *K3FT 


1  see  plate  is  ro *  locate  or  test  moles  and  test 

TRENCHES 

2  see  PLATE  BA  TOP  LMCND  AMO  CLASSIFICATION  SYSTEM 
i  see  TABLE  «  ro#  OATE  DRILLED  ON  EXCAVATED  ANO 

TYNE  OF  EQUIPMENT  USED 

«  ALL  TEST  HOLES  ANO  TRENCKS  WERE  SET  UP  ON 

The  levee  chest  unless  OTHERWISE  NOTED  as  invert 
IN  THE  CHANfCL  ANO’EXISTINB  BROUNO’  ON  BACK  SIDE  OF 
LCVtt 


LOS  AMOBB 

_ COBPS  OF  BHQWH 

SANTA  ANA  RIVER  MAINSTEM, CAUTORNIA 
PHASE  S  (WERAL  0€SWN  MEMORANDUM 


LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 


STA.  875+00 


OATI 


me  NO.  DRCWO*. 


ALUE  ENGINEERING  PAYS 


TH 83 -1308 


TT84-1372 


— 

c 

LL  P1 

-A 

-zoo 

Description 

rm-irn 

STA  854*00  C 

a-  zip 

-■ 

- - 

s-wd/SILTY  smelly  sa®:  tao«,  moist,  nets, 

COARSfc  GAINED  SAC.  S  PERCWT  COBLES  TO  4  lNO€S, 

fefusa.  AT  2-5  FEET  cue  TO  AOCXS- 

DEPTH 

LOG  PC 

LL  >1 

-li 

-200 

N  Description 

b 

♦ 

80 

5 

84 

SAMI:  NJLTICOLORED.  LOOSE.  COARSE  GRAINED  SAW.  FW  6flAflEL 
GRATEL  TO  1/2  INOCS" 

SHE:  T  Mr  BROW.  FINE  WAKT  SMC.  WHB  DBASE- 

3.0 

t 

i 

*> 

84 

7 

22 

97 

14 

SILTY  SAND:  LIGHT  BROW,  MJlST.  LOOSE,  EH*  TO  COARSE 
GRAINED  SAW- 

96 

5*11:  tmt-bro*.  mi st.  meoiw  news*,  coarse  grained 

GRWBJ.Y  SNIOAILTY  GRAVELLY  SAND:  PxTICOLORED.  mi  ST  TO 
NET,  LOOSE.  COARSE  GRAINED  SAW.  G  RAT  EL  TO  1*1/2  INC»CS. 

qi  r,  Taw- brow.  wist.  ncaii*  ne«s£.  coarse 

quins  smc.  -ire  newts  at  g.o  feet. 

SH/SN 

*P 

95 

5 

k 

_JL- 

_1S- 

15 

f 

SVf  dm*  won.  moist,  medium  dense,  cowstvc,  fine 

GRAINED  SMC- 

IP 

99 

95 

78 

6 

SJPDAILTY  5<NFI;  LIGHT  WEV.  SLIGHT  C0WS|<W,  eINE 

SU/S1 

NP 

79 

5 

6RAVflJ.Y  SAH*»AILTY  PUPIL  V  SAND.-  MULTICOLORED.  miST  TO 
«CT,  LOOSE.  COARSE  GRAINED  SAW.  GRATEL  TO  l’l/?  INOCS- 

► 

h 

«*> 

S’ 

5 

$JW)V  CRM0. /SILTY  S/HOY  «*^L:  Tam-npo#*,  *CT.  COARSE 

J9AINET  SMC- 

rJ>S^U  »  CJWr»:  N«JR*.  NET,  COARSE  SRAIND  SAW.  COWLFS 
ro  ••  to  VT  at  ?*.!>  *rrT  toe  ro  *xrs.  **tf»  at 

21.'  FfTT.  «0t«  RFVE»T  AT  21. 0  FEET. 


*L5f:  «T  ttifl  Fttt  a*  ro  ROOtt 


:»f»  (jRlPV  too*.  «?.  COARSE  GRAINED  SMC.  COBBLES 
TO  a  INCHES.  NO  SPT  AT  29-0  FffT  M-  TO  ROWS- 


He  VT  4'  l:-"  fffT  DUE  TO  ROC*S- 


io  fpr  a'  *%■!  am  m  « 


TO  *,9T  *f  *?  •'  m*  to  nocx 


SCALE:  |  Ml*  3  FT 


I 


( 

i 


WQTE5, 

1  SEE  PLATE  13  POP  LOCATION  Of  TEST  MOLES  ANO  TEST 

TPENCHCS 

2  SEE  PLATE  tA  POP  LEOEMO  ANO  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  «  FOP  OATE  ONILLED  OP  EXCAVATEO  ANO 
TYPE  OF  EOUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TPENCHM  WEPE  SET  UP  ON 

The  LEVEE  CPEST  UNLESS  OTHEPWISE  NOTED  AS  'INVEPT* 
IN  THE  CHANNEL  ANO  *f  XISTIN*  OPOUNO'  ON  SACK  SIDE  OP 
LEVEE 


BAN 

Ma 

REVISIONS 

~r  - 

u.  i.  AiMV  M*«  OMIUa 

LON  AHOCUS 

CORPS  OF  INOPBW1 

SANTA  AHA  M  nr W  »*ir*a  i 

PHASE  n  OOCPAL  OESWN  **MOP*©UM 

LOGS  OF  NVESTtGATtONS 
CORPS  OF  ENGtCERS 

STA.865+00  TO  STA.865+00 


PAYS 


llinnflf  s  IflfiP.fl  •  ^a4m/rr<  f/trfttrtfc 

TEST  BORINS  LOS 

ELEVATION  212 


smitwc  MHBCQ  • 

TEST  BORINS  LOO 

ELEVATION  221* 


NOTES' 

». 

SEE  PLATE  13  FOR  TEST  SITE  LOCATIONS. 

2. 

SEE  TABLES  <  AND  3  FOR  LIST  OF  REPORTS 

FROM  WHICH  THESE  LOGS  WERE  TAKEN.  ALL  LEGENDS 

AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3. 

LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 

DETERMINE  THE  GENERAL  SOIL  PROFILE 

U.  S.  ARMY  MOMR  Don 
lOt  AMOCUS 

com  or  monnu 


SANTA  ANA  RIVER  MAINSTGM,  CAURlANlA 
PHASE  S  QOCNAt  OCSWN  MEMORANDUM 


LOGS  OF  NVESTTGATON 
BY  OTHERS 

STA.905+00  TO  STA.845+00 


SANTA  ANA  RIVER  NAMSTOI.  CAUA5RNIA 
MtSI  GEWRAL  OESMN  tCMORMOUH 


LOGS  OF  NVESTK3ATION 
BV  OTHERS 

STA.905+00  TO  STA.845+00 


ELEVATION  FEET 


VALUE  ENGINEERING  P 


TH  S3-  1401 


TH  84-1402 


TH83-1401 

STA  84000  R 

a-  2195 

1*4-1402 

STA  830*00  L 

EL-  2105 

DEPTH 

LOG 

nc 

a  PI 

-4 

-200 

N 

Description 

depth  log  XC 

LL  PI 

-9 

-200 

X 

Description 

?-S 

SX 

7 

HP 

81 

18 

SILTY  GRAVELLY  SAffD-  Brcnn,  hoist,  dense,  wnm  brained 

SAM),  REFUSAL  AT  2-S  FffT- 

8N/SN  12 

IP 

94 

12 

SAXTI/SILTY  SAND:  LIGHT  bro*<,  m 
sere  cuwps  of  cocsjve  clayey  * 

23R 

SAXD /SILTY  SAXO:  BWnN-T*(,  HOIST,  «DllF  GRAINED  SAM), 

FEN  ®A^L,  REFUSAL  AT  8-5  FEET  DUE  TO  ROCKS- 

-ill _ 

SP/Srt 

J_ 

5 

HP 

92 

7 

21R 

J 

94 

5 

40 

SAND:  Light  bro*l  moist,  fine 
FW  GRWEL- 

7-Q 

8-5  , 

_fiX/GC 

1 

23  6 

*57 

16 

SILTY  SANDY  6RAW. /CLAYEY  SAWY  GRAVEL:  Sret-taa,  DENSE, 

28 

5RAVEU.Y  SAXO/SILTY  GRAVELLY  SAXO:  G«y-Ta*.  DENSE, 

COBBLES  TO  6  INC*€S,  NO  SPT  AT  11-0  FEET  DUE  TO  ROOC5- 

6 

*> 

80 

10 

93 

3 

SAXE:  P&I  GRMEL  TO  IT5  INC**  j 

s»t/sn 

6 

HP 

78 

7 

SVt:  Taw  GREYISH  BROMN.  moist,  *€OIL*  GRAINED  SAM),  FB( 

WAVEV- 

Sp 

26 

5 

IP 

90 

8 

8 

SAff :  *DIIAI  CENSE.  REFUSAL  AT  17-0  FEET  DUE  TO  ROCKS- 

95 

2 

59 

SAXE:  FEN  GR»EL  r)  \  inch- 

88 

2 

12 

2LB . 

29 

21. Q 

23  -Q 

y* 

XF 

89 

1“ 

SILTY  SAXO  GREY,  moist,  organic  sell- 

1  r.  ~ 

^  8 

99 

65 

V 

SAN™  SIL.T/SAX'**  C.W.  'ar  vi 

CWESIVE.  FINE  GRAINE5  s«NT- 

i _ 

_ ae__ 

_JZ_ 

40 

SAXO/SILTY  SAND  Tan-KN,  MOIST,  MED-  TO  COARSE  OR*©-  SND- 

a-a . . . 

S*/SX 

T- 

89 

? 

JO 

S0€:  XEDIlAS  DENSE  TO  demse- 

SA*-  Dense 

XP 

59 

5 

8 

SANDY  WMR.7SIL 7>  SANDY  pav*. 

TO  ICDHN  DENSE.  FINE  TO  COARSE  ' 
5  INOtS,  COBBLES  T|J  S  INCHES.  -> 
COARSE  GRRYEL .  NO  S»T  A'  ?/.«  *i-l 

aj— 

47 

SAW /SlLTY  SAXO-  T^-bpo^,  *01  ST.  EDIlf*  TO  COARSE 

ORAIAED  SAM)- 

lll . . 

46 

..c 

56 

4 

SANDY  GRAVEL:  L-AW.  vk**.  MU!  *•' 
Ft*C  TO  COARSE  SRAIVEC  SAM1  ,<=R 
TO  9  |NC**S.  NO  SPT  at  ">9.5  'set; 

p-y* 

8 

•p 

98 

6 

IU. . . 

SttVFli*  SANO/ML^  *  .  *•*'( 

1  LOOSE  TO  ICDt:*  DENSE.  'INF  C| 

TO  5  INCHES.  COWK.FS  to  S  H"'*'  \ 


HP  S? 


r 


▼ 


Value  engineering  pays 


h? 

S’i  ssw»  L 

TH  84 

-1402 

EL-  21® 

,  .06 

PC  U  Pi  -4 

’X  « 

Descsiotk* 

t 

H'X'SP 

12  <f  *• 

SHtfl/SlLff  SAND:  It  AMT  BROW,  NOIST.  FINE  8  RAINED  SAM), 
CUHPS  CF  OCSIVE  CLAYEY  SILT. 

t 

j' 

.5 

SAND-  LISMT  BNO*.  MOIST.  F|«*  rr>  COARSE  GRAINED  SAM), 

TEN  GRWEL- 

1 

t 

k 

— 

2* 

51*  CB«  GPNIEL  TO  IF>  INCH. 

► 

► 

i  c 

19 

SVC  eOt  G»<M6l  rt?  1  INC*. 

r 

.  -I 

'".AN"*  S”.  T«-|H"V  f\»Y  9PTW.  NOIST.  St  Vi  $:JFF. 

FINE  GAINED  $AfC- 

w 

S vr*  i»Avfv  ''I,  T*  SNF1Y  ?AV*V  BROM.  MDl  ST .  LOOSE 

TO  <€DI-N  DENSE.  ON  TO  COARSE  -SRAIHET  SANT.  G4*R.  m 

1  INCHES.  COMUS  TO  ’  INCHES.  REFUSAL  AT  2-4-$  FEET  OUE  73 
COARSF  jPaaEL  .  NO  *.PT  »T  ?7.5  *EE  T  njE  m  ROCKS- 

V 

:w  iPA*.  :**  wo*.  N3IST.  loose  to  -oion  oe«sf , 

"HE  *C  COARSE  SRAINEE  SAM).  SRA/El  TO  1  INC*«S.  COBBLES 
'  :«c»#s.  nc  'P T  at  ’9. 5  fff'  DUE  to  cobbles. 

v>a*'  *  SARD/'I-.T'  'WAMFL:  »  SAP"  "ww  tr**.  nois*. 

,  r0  **T  H  DENSE.  FINE  TO  COARSE  '.RMNET  SAfC.  SNArE 

f'  !  'NCHES.  COBAi*S  TO'- 


TH  83  1404 


TWJ-1W  STA  820*00  R  &.  2071 


DEPTH 

L06 

PC 

LL 

PI 

-4 

-200 

N 

Dcscriptu* 

1X_ 

_ SB— 

OIL 

T 

H 

14 

37 

SILTY  SARD:  BROW,  NOIST,  DENSE,  FINE  TO  COARSE  GRAINED 

-LH_ 

-JE/2L 

_!S_ 

99 

22 

SMO/S1LTY  SARD:  Tar-bro*.  MOIST,  MEDti*  DENSE,  FINE  TO 

SMTO:  Tam- wo*.  MOIST.  ICDIlP  dense,  neoum  to  COARSE 
GRAINED  SAM),  FEN  GRWEL- 

sp 

8 

90 

5 

19 

6 

9S 

5 

-HL_ 

22 

SP/SB 

6 

NP 

83 

5 

SAPO/SIlTY  SARD.-  T  a*- brow.  hjist.  nedii*  dense.  A«oii#» 

TO  COARSE  GRAINED  SAM)- 

UJL_ 

18 

1L5- 

SP 

-Jl. 

69 

? 

SUVRLY  SAND:  Bromi.  moist,  mediih  dense,  coarse  grained 

1HL_ 

a/SB  _ 

_6_ 

7? 

68 WELLY  SAN0/S1LTY  6R**U.Y  SAND:  Brow,  hoist,  loose. 

2fl_ 

99 

_ sa_ 

SANDY  SILT /SANDY  CLAY:  Tam-bro*.  moist,  medijt  stiff, 
OXCSIVE,  FI«C  GRAIMD  SAND.  FEN  GR/MEL,  AOOING  HD  AT 

15-0  FEET- 

*./a 

24 

25 

5 

X 

5? 

24 

24 

5 

97 

55 

SAif:  Reddish  s»ow. 

2U_ 

7 

2SX.. 

a 

24 

0 

99 

63 

42 

SWAY  CLAY :  REDOISM  BROW.  MOIST.  VERY  STIFF.  CCKCSIVE. 
FINE  GRAINED  SAM),  OCCASIONAL  GRRAEL- 

.  sc 

-16_ 

—27— 

-X- 

XQQ _ 

HI 

CLAYEY  SAND:  PEDOISh  BROW,  MOIST.  C»€S1VE. 

2M_ 

SP/5C 

26 

; 

50 

15 

14 

SILT r  SANOY  «AVF)./aAYEY  SANDY  fflAVL.  P.EOOiSH  BRO*. 

6P 

16 

•p 

55 

27 

SILTY  SANDY  WAV'".:  «EDOISh  BROW.  MOIST,  C0MSIVE.  F|NE 
GRAINED  SAM)- 

1UL_ 

12 

4P 

54 

20 

4 

SVt :  TO  COARSE  GRAI*CD  SAND,  COBBLES  TO  4  INC*€$. 

REFUSAL  AT  29.1  feet- 

3v/6P 

V 

47 

6 

4 

SANDY  C«*WS|i.Tv  SANDY  guv*!:  Fedoish  N»OW.  net.  *1NE 
rr)  COARSE  GRACNCT  SAND.  OCCASIONAL  'TO*tFS.  4T 

37 .9  feet- 

_ 

_ 

_ 

SCALE  I  <N*SET 


f — I  h=r~P3= 


^gres 

•  SEE  PLATE  14  FOP  LOCATION  OF  TEST  MOLES  A  NO  TEST 
TRENCHES 

2  SEE  PLATE  0A  FOP  LEGEND  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  ft  FOP  DATE  DPlLLf r  ,P  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TPENCMCS  WERE  SET  UP  ON 

THE  LEVEE  CBEST  UNLESS  OTHERWISE  NOTEO  AS  ‘INVERT" 
- — ■  AMD  *  F  X I STJKQ  OPOUNO"  ON  BACK  SIDE  OF 


ITMAOt 

MtawnoMi 

ten 

AMROVAL 

REVISIONS  j 

u.  S.  ARMY  CNOMCfR  OttltlO 

LOS  ANOfLIS 

CORPS  Of  PHOINHRS 

danomo  rr. 

SANTA  ANA  PtVCP  MAINSTEM.CALlTOPNIA 

phase  n  gocpal  design  memorandum 

LOGS  OF  WVESTtGATtONS 

CORPS  OF  ENGINEERS 

cta  nun  inn  to  qta  «on+  nn 

MAYW  IT- 

▼ 


VA I  IIP  engineering  pays 


TH83-I4Q5 

a.  2 £WJ 

.230  n  Description 

SWD:  &REY,  HOIST,  F0»  6*»€L  ASPHN.T  MIXED  WITH  S/VWLE- 


SILTY  6***£U.Y  SAW:  BROW,  MOIST,  DEMSE,  FINE  TO  *DUM 
GRAINED  SMC,  FW  SRWEL- 


S/WTO/SILTY  8 KM,  MOIST,  DENSE,  FI*  TO  *D!tH 

fflMffP  SMC.  pa  QftAtL: - 

SIlTY  SWD:  BROW.  MOIST.  SLI6HT  COWSIOH,  FI*  TO  MED! 
GRAINED  SMC,  FEW  GR»EL,  RGPRAL  AT  8-V  DUE  TO  BOCKS- 

!6R  SRWEllY  SILTY  SAM:  SMC.  ONK  6*Y  TO  6*V,  ORGANIC 
OtOR- 

SIlT>  s«t):  SMC,  MOM,  REFUSAL  AT  ll-S  FEET. 

ISR 

SAKO/SILTY  SAND:  Tan-9NOM,  DM*.  WDUN  0«»- 

2*9  SILTY  SARD:  T*re*o«.  omp.  WOIl*  twse,  OCCASIONAL 
5 RAVEL.  REFUSAL  AT  14-5  FEET,  MATER  AT  15-0  FEET 


7*3-1406  $74  900*00  L 

depth  106  *  a  pi  -4  -2oo  n 


TH 83- 1406 

a-  mt 

1  Description 

SJVO;  BROW,  HOIST,  MEDUM  TO  CENSE,  FI*  TO  HHMlH 


4  *97  5 


3?  13  r  4? 


l  s 

<t>  ui  9 

np  ;r 

k 

a*YfY  SRiWL:  REDOISM  BBOW,  HOIST,  SLIGHT  C0*S!«. 
*DIlN  DEKSE- 


SMF1Y  GRAtfl /SILTY  SANDY  fiAAVFL  ReOOISM  OKMh,  WIST. 
fine  TO  WDllM  GRAINED  SAW,  REFUS*.  AT  26-5  FEET  DUE  TO 
ROCKS 


SI'.Ty  SNIP  Reddish  brow.  hoist,  fi*  to  medilm  g«ai*d 

SAW,  CEW  COBBLES  TO  6  I  NOES.  NO  SPT  AT  20  FEET  DUE  TO 
DRWEL 


SNf  MOIST  TO  *r.  c«1«  AT  32-0  FEET. 


17  IP  99  31 


15  39  100  49 


SAND.-  Tan,  hoist,  edun  to  coarse  drained  saw. 


SILTY  SNIO:  *W«.  HOIST.  *OI GRAINED  SAW- 


SANO/SILTY  SAND:  Pnom,  *t.  hed-  to  coarse  grained  saw 


Sal. 

SP/SP 

NP 

190 

9 

37-a 

1 

Vs 

190 

60 

9QJL 

a  z5 

36  16 

100 

92 

SAND/SILYY  SAP*':  BROWf-TAH,  «t,  NEOIlFI  TO  COAPSE  GRAIWD 
NP  100  9  SAW- 

*  100  60  sjit;  Brow,  *t,  stiff,  medum  grained  saw- 

CL»Y:  “EDDISH  BROW.  WIST,  *1*  GRAINED  SAW. 


1  8€t  PLATE  14  FOB  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SfC  PLATE  CA  FOP  LEGEND  ANO  CLASSIFICATION  SYSTEM 

s  see  table  •  fop  date  opillco  op  excavateo  ano 

TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS 'INVERT' 
IN  THE  CHANNEL  ANO  'EXISTING  GPOUWO'  ON  BACK  SIDE  OF 
LEVEE 


U.  S.  ARMY  CNONNR  OUT* 
IOC  ANOAO 

_  CORPS  OF  INONWII 

SANTA  ANA  RIVER  MAlNSTEM. CALIFORNIA 
PHASE  a  GOCPAL  DESIGN  MEMORANDUM 


LOGS  OF  WVESTK3ATONS 
CORPS  OF  ENGWEERS 


STA.820+00  TO  STA. 800+00 


/ALUf  ENGINEERING  PAYS 


DEPTH  LOG  K  U  Pt  -A  -Jon  * 


SAW:  %H*H.  HOIST,  PCD-  GRAINED  SM),  OCCASMXML  WW L- 


a  (>i  -4  -200  i 


$4OT:  !UricaOH€D.  HOIST,  LOOSE,  FT*  GRAVEL  TO  2  INOCS- 


SILTY  S«n>:  ^ROM-QAev,  HOIST,  pcduh  grained  sn®. 


SAW:  0RCNH-GREY,  HOIST,  PCDHH  GRAINED  S 40,  NO  SPT  AT 
5-0  EttT  DUE  to  R  INCH  COMf  • 


MflE  VsL  uati* 


.  HOIST.  LOOSE,  EW  6RR/EL  TO 


SAW  S<WE  AS  WOT.  *B<  GRAVEL  TO  5*.  NATO  AT  1*1. O'  • 


99  2  $AIE:  D*K  BROM.  FINE  TO  PEDUM  GRAINED  S*0- 


SAND/SILTY  SAND:  BROM-GREV.  *CDUH  GRAIPCD  sn©- 


SP/SH  6  V  99  7  S**:  P|NE  To  PCDIiM  G 


SAND:  BROM»-GR«rv.  HOIST,  FINE  Tn  toia  GRAINED  SAW- 


*>  im  92  17 


SN  6  V  99  19  SILTY  Brcnm,  HOIST.  PCDi'f*  GRAi«er  sa». 


*2  SAND:  TRO^,  HOIST,  icnufl  GRAINED  SAf®. 


SANE:  NET.  NATEP  AT  n.O  PEET. 


?l  rOVS"  -PAINED  SHIT. 


?5  9  99  6S 


1  SEC  PLATE  14  fO N  LOCATION  OP  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  t*  PON  LEGENO  AND  CLASSIFICATION  SYSTEM 
S  SEE  TABLE  •  PON  OATE  DRILLED  ON  EXCAVATEO  ANO 

TYPE  OP  EQUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TNCNCKS  WCNE  SET  l#  ON 

THE  LEVEE  CHEST  UNLESS  OTHERWISE  NOTED  AS  'INVENT' 
IN  THE  CHANNEL  ANO'EXISTINQ  GROUND"  ON  SACK  SIDE  OP 
LEVEE 


U.  %.  AtMY  CMOMM  Mill 
LOS  ANOCUS 

_  _ COUPS  OP  CNOHMS 

SANTA  ANA  NIVEN  MAINSTEM.CAUTONNIA 
PHASE  S  G0CRAL  DESKIN  MEMORANDUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 


STA. 789+00 


VALUE  ENGINEERING 


FE75-6 


F  £75—10 


>tr, ,««}>'!  >  >4  K 


7H-9 


FE75-9 


rr^rr 

iik. 


s 

nl 

160 

16 

7 

«* 

166 

S 

/ 

1L 

/66 

/S 

SAt/O  -  Afvu*?t  damp,  fine  fa 
c*errei  dense. 

D/scon  finueds  -S/tty  b*e/r 
K4 efes  setups  <rr  j/' 

Ctriy. 

me re  /no at  u/dep&r 


Etc** ted  3  4-  75 


WM  74  — 2 


r  °*tc  o» 

im,,**  v.ni-u.n  «Te«  oiwth  uj  *  oert  ■** 

13 

t 

I 

1] 

[ 

ti 

1 

oucetenom 

12UC 

im 

JDC 

DE 

=^-  '.K7B*MSa& 

; 

- f  Hoot  If  too.  coorao— .rolnoA  SAAC  (SH) 

■ 

• -  Thin  lotto*  of  iron"  CLAT 

. 

- — Vim  UK,-.  «.  “  <”l  “ 

* 

2 

J 

to 

- 

?  cm  mt- 

* 

>0 

f  n»~.  «t*7  lltr  “■*  <*> 

DOOM  to  »orr  Aoooo,  too  SAW  {*P-W)  *ttl 

" 

} 

41 

' 

* 

V 

f  Mini 

J 

J7 

1 

10 

— -  rwdluo  Miff,  gray  SU.TT  CLAT  (CL) 

. 

5 

hmim  ‘ - .  At  of  ci>rrr  sawd  'sc) 

* 

10 

— ^  with  raum 

Donoo,  brown  CtAVZLLT  SAJ®  (Sf-tC) 

- 

Donoa.  brown  ttUTOlT  IAI0)  (Sf-SH) 

»-i 

•ottos  mt  kotlM  5i  foot 

WA  69-2 


WA69-3 


MH(  unino  M.7-  luwi  to  C.C 


!■**  »'«WI 


Sill  HIM  I  Hi  M 


Loom 
K  Dot***] 


U«u  i*j  im 


•if*  NHiltMl  etHUi 


•Mt  of  ioMIm 


I  11*1 

J)  Nolo  not  lnw  to  Aotamini 

irwm^wt.r  Imi. 

»  *»l*  4m  to  tm 

<mitoi  < 

■  t«r  frofraoa.  Nmji  eottlnt 

•"<  W*M«n. 

*«»  *f  (*M>n 


*•"*?  aurn 

trttn  C(MI«|  thfoufhoot 


»ypn 


Wt  tinwum  1  j  ...  • 

mu  mi  im  "J* 1 

Mr—t"  tfiWI-T-i* 


Mill  lit  lot otp  wo.h 

MOU  ('.(tiro's 

Ufil’ It  C.C.  s.  w.w. 

“fr'iiLf!1: .  ..... 

»CU  turi'u  * 

initi'llC#  »•"■  "-7 

sm  iis£n»m* 


mu i Mm  «M  ituiit 


»tth  oom  eobblto 


with  c  obi  Wo  throuthout 


— 1 nn 

P»n«,irp 


•ottdh  or  tr»ur  at  ii. i  Tier  t 

WTM:  I 

I)  Covin)  of  htrln<  votla  turn 
with  mi  of  orntro  thick  rfrt| 

})  At lo  not  bnilnA  to  Ao  taming 
iroooOmtor  Irani. 
l>  Nolo  tonal  M  to!  Aun  to  i 
Irilllni  cnfltlMt,  tooting 
•1w  frogman.  Hoof  roll  I 
■  o4  o«oo  hnlftri, 


U4  Will  I  *«ito  Am  «w  lw» 

uwimL  Ornfl  Ooowfy ,  California 


-ti 


•0TT< 

WOW 


u 

us 


VALUE  ENGINEERING  PAYS 


BWWWWWMH 


»«l»  BOTH  10  '  .  BATt  MCAPURCP  J_Jynr  U  SAMPLES  PltcWt  and  CgltC.  Yod. 

HOLE  DUIIETf* - 1  Lgjgj-  »*'«"*  Of  IMMMEW  -ltfllb..  -f>LL,W6  HI, 


0*TE  <*  MTER  PEPTh  ;n.s'  P*TC  MEASUPtp  jy  Jun,Tt  SAMPLES  Plccnor  oad  ilollf.  S 

TTBt  <*  P*<LL  Wit  »udH«.  «Qtaro  waih  HOt{  PlAMgTgW  *  M»ln.  VElCMT  Of  HAMMS*  >tPl»«.  FAujM« 


lotto*  of  korlwi  US  (OOC 


I  I  I  I 


UU  »!<-  »•  6  Inch _ |W(  WIllPl  6/5'* 


Mm  to  Madtuoi  (Cl**n)  MUD  >•  SP 


mmm 


3fc  Cy  Wot  Donao  ISP 


OUVCL  with  co»b too  Cr*y  Wot  V  «rn»*  CP  L  15  J 


*Hty  SAPS  and  Unjy  CMttl  Lt  Ton  Wot  D>noc-  SM 
T  ftow»*  9 

*1»h  rsHlot  and  ■««  bo+itdara 


•otrwi  of  nm*  *r  io  rtrr 


I.  SEE  PLATE  14  FOR  TEST  SITE  LOCATIONS. 

Z  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENDS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3.  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


7)  hit  not  bat  tad  to  dalarnl  n 
gm— d.atot  tor*  l . 

1)  Mata  rarntnatad  duo  to  tort  a 
drilling  condition*,  eaotln 

•  low  pragma* .  Many  coMla 
and  im  bout  dor*. 


U.  S.  ARMY  (NONHR  M1MCT 
LOS  ANOtlfS 

_ com  OF  NONWII 

SANTA  ANA  RIVER  MAWSTEM,  CALITORNIA 
phase  S  GENERAL  0E9GN  MEMORANDUM 


LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA. 845+00  TO  STA.780+00 


VALUE  ENGINEERING 


MT66-1 

TEST  BOfilMB  LOS 

K  1  _ fK*fnWG 


ALUE  ENGINEERING  PAYS 


MT66-I 

TEST  SORING  LOG 


MT66-2 


66-3  (cont'd) 


■T  CORING  LOG 


1 

l 


i 

‘ •'Ih'TSii — - .]  .  i  •  I 


MT66-3(cont'd) 

TEST  BORING  lob 


NOTES- 

1  SEE  PLATE  14  FOR  TEST  SITE  LOCATIONS 

2  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

1  LOGS  BY  OTHERS  ARE  ONLT  TO  BE  USED  To 
DETERMINE  THE  GENERAL  SOIL  PROFILE 
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COt  PS  Of  mOJNHM 
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SANTA  ANA  RIVER  MA1NSTEM,  CALIFORNIA 

cmmc  n  (bchal  atm*  memorandum 

LOGS  OF  NVESTIGATtON 

BY  OTHERS 

STA.845+00  TO  STA.780+00 

<WOW  |  D*CW09- _ ft. _ |  ***  | 

hip  ENGINEERING  PAYS 


MT66-I? 


MT  64-8 


TEST  BORING  LOG 


MT64-K) 


UQ.TEfc 

1. 

SEE 

PLATE  14 

for  test 

SITE 

LOCATIONS. 

2 

SEE 

TABLES  4 

AND  3 

FOR 

LIST  OF  REPORTS 

FROM  WHICH  THESE  LOGS  WERE  TAKEN  All  LEGENDS 
AND  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

*  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 
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SANTA  ANA  NIVEN  MAMSTOA.  CAUNVHNU. 

NHASC I  QENENAL  0C9ON  NENONNEWN 

LOGS  OF  INVESTIGATION 

BY  OTHERS 

STA.845+00  TO  STA.780+00 

AAHOyp. 

ELEVATION  FEET 


klUE  ENGINEERING  PAYS 


TH  83-  >502 


Th  8A  1503 


st*  ;/i*oo  9 


a  °! 


-;tp 


t 


±. 


*■ 


* 


EL.  1884 


v 


^scbjption 


<,WP/STtTY  SMfi  fteaxu.  hoist,  dense,  fiic  to  icon* 
SRAfNED  SVC.  F£V  WAVS.,  ASPHALT  SUBFACF- 


T*4'isa?  ST*  7n*0Q  L 

DEPTH  LOf>  *  LL  o\  ^  _?0O  N 


*  *  *  !  100  53 


a-  w 


Descbjptio* 

“*>**■  M0I5T-  MAIHQ)  SMI.  FW 

a»*n.,  so*  ccrcs/o*. 


#>  97 


?9  16 


SILTY  $«!); 
a»*tL  TO  7 


Ilsur  wo*,  hoist, 

INO€S  In  SIZE. 


F I  HE  MIA  I  mi  s*C.  Fa * 


If 


S»ft:  &BOH,  HOIST  FINE  GRAJICD  SA#©,  CuMBS  OF  COKSIVE 
3N*  BROWi  HATER!  A.- 


► 


<■  VF  9R0p*-3»£V.  NO  P€NTBCH:TEB  TEST  DUE  TO  KBB1S  VC 

sr«i  *o#e  in  was 


‘AN*  HOIST.  NRM-JA  GRAIHED  SAAC.  FEN  GRAVEL- 


BRS>N  «CT 


Vi?'  "  ^  VT  IOC**.  coarse  GRAtWD  SVC- 


* 


*  97 


?9 


20 


96 


'W)  'WO*  HOIST,  Fi«  IT)  COARSE  CHAINED  SVC,  SCFC 
TO  l  INCH  IN  SIZE- 


SAT  ‘tov,.  hjist.  loose,  coarse  obained  S4MD.  gbwel  to 
2-^  :nc*s  :*  size. 


>N%  ■U*i;olobed,  hoist,  loose,  fine  to  covise  spained 
“  \  zmr.  3bvel  ?r>  y  inches  in  size-  5egan  moing  oriu,i*c 

HJC  T.;  SQ.-CE  CRING  • 


yr  9BTM..  rf*  *!<  TO  coarse  graiwd  S **€■ 


* 


■IS'  •«  r,  ABOVE 


•vr 


WWl,  HOIST,  e!NE  cpained  s*id.  ST»«  GPMEl 

'  :n>  :n  <;re.  ^ENErvoNFftP  tro  nit*  '  ?*c« 


Nk*#..  <’ 


IN 


'•'•or:  V*8(»rwN  AF*  V*F  V'AV'L 


W'*  *.  *•  8fXISH-BBT»#l,  t*T. 


t*:  •  -1«T  <  rMF  »  EDO  IS"- WO*.  NET- 


1L**  'AW  BRIW..  HOIST  TO  <T.  STI«.F.  COCSt'TE. 
WW*L  '0  '.  !NO  IN  SIZE 


SCALE  I  IN*  >6T 

fearB _ -t 


NOTES 

1  SEE  PLATE  /S  FOP  LOCATION  OF  TEST  HOLES  ANO  T£$T 
TRENCHES 

2  SEC  PLATE  BA  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  6  FOR  OATE  ORlLLEO  0«  EXCAVATED  AND 
tyre  Of  Equipment  usto 

4  ALL  TEST  HOLES  AND  TRENCHES  WERf  SE  T  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS ‘INVERT’ 
_ IN  THE  CHANNEL  AND ‘EXISTING  GROUND'  ON  RACK  SIDE  OF 


Kota 

pnavnoNi  I  - 

AEVISIONS 

AFHOYV 
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- 
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PNAS£  a  XK»1  OCSaJN  ItMOKWOUM 

LOGS  OF  INVESTIGATIONS 

coups  of  engweers 

STA  780  +  00  TO  STA.77 1  •»  00 

HAWN  1*. 

OKH  Ff. 

TH84-15M  STA  760*00  R 


DEPTH  106  hC  U.  PI  -*  -W>  * 


S«®/Sltn  SMC:  HOIST.  LOOSE,  FINE  TO  1*011* 

«AI*D  S AM5,  FEW  (KAVtL  TO  J  INOCS- 


SP/SA  3  *»  94  5 


SM):  SAM  AS  ABOVE,  LESS  FIPCS,  CRAVEL  TO  2  INQCS- 


yi€:  RROM,  HOIST,  fine  QRAHCD  SMS,  GRAVE,  to  2-1/2'. 


1?  UT.ST-  *,ST'  *A1®  «* 


SMID/SIlTY  SMTP:  S«EY-brow<,  File  TO  COARSE  GRAifCD  SMS, 
18  GRAVE.  TO  2  INOCS,  SO*  OTCSION. 


50R  *>€ICTNOC TER  HIT  ROCK- 


‘vILTT  S MTC  *ta>U*  TT)  daAK  BRCMt,  HOIST  TO  *T,  LOOSE. 

COHESIVE,  F1IC  (RAINED  SAM). 


^SL^"'OTtLTr.*~"WT,Ca0m-  TO 


J  SAW**:  SMC  AS  AMM  ■ 

- _  30 _ 


TT8n-\S72  STA  ’ST^OG  C 


DEPTH  l*K  RC  li  *1  -n  -2® 


WR^LLT  SARD-  ■U.TICatjNEt.  HOIST,  FB*  GRAEl  TO  1  INCH. 


»Ifi  "B,r’  C(MTOr  r*» 


2f€«iS!fiSN.2  2 if1 U’  **-TlCaORED,  HOIST  T 

•cr.  FIN |  TO  HEDI1JH  GRAINED  SNC.  Aft,  GRWE.  TO  ?  INOCS- 


_value  engineers 


THS4--I5Q5 


ftPTH  LOG  RC  U.  p|  ^  -2®  * 


SMO/SILTY  SJTO:  Light  i 
V  %  6  »*«.  TO  3/4  INOCS  IN  1 


SM£:  GiREv.  HOIST,  FINE 
f  95  12  SOR  in  stff- 


R  ppctroc  ter  hit  now- 


4P  91  9  50R 


S«  Grev,  hoist,  fine 
V  95  9  R  IN  SIZE,  COWILES  TO  «*  IN 

LARGE  NOCK- 


»  96  5  30R 


SM€:  NRORl.  hoist,  fin 


SILTY  $RA3:  G»ev,  M)(st 

*  2  :  99  :•  IS  COCSIVE- 


SW*0 :  9*0*,  HOIST  TO  I 

96  «  X>  sa*©. 


SMC:  14*. T I  COLORED- 


4Q-J  _ _ 


ASdL._. 


I 


LUE  ENGINEERING  PAYS 


.THEM- 1505 


TH84-I5Q6 


i»I  -4  -20C  " 


TW4-1S06  STA  755*00  L 

DEPTH  IOC  HC  a  PI  -200  n 


74  4  36  5 


LIGHT  WJK,  HOIST.  PINE  GRAINED  S B®, 

5  PERCSfT  COBLES,  GRBELS  SUB-*61UW  TO  BCILAR  <1-1/2* 


5P/SH  <4  %  s  19  SWD:  L,WT  *"**-  M0,ST*  F,NC  GRAJHE5  sbc. 


SVC  SRE*.  HOIST,  FINE  GRAINED  SB®.  S4BEL  TO  5  INO«S 

*  r  li  Tin  IN  SIZE- 


SARD:  SB*  AS  4BIXE. 


»  *  8  16 


SAHD/SILTY  SWD:  $B*  as  TO- 


SARD:  SBC  AS  MOVE. 


S4/€:  '>»6v,  HOIST.  FINE  6RAINSJ  SB®,  GABEL  TO  5  INOCS. 

4  IN  SIZE.  COARLES  TO  4  !NO«S  IN  SIZE.  POCTRCMETE*  NIT 
L*Gf  400- 


a7  ,  LIGHT  BHO*.  HOIST ,  COURSE  GRAINED  SB®,  SL»- 

V  4  18  POFOED  GRBEL  TO  1/7  t/OCS- 


S4RE  4bo«.  HOIST.  Fit*  GRAINED  SB®- 


SI.T*  $*?.  SBEV.  HOIST  TO  NET,  FINE  3UI*«D  SB®, 

CCHtSJVE- 


n  7S  HI  If,  lrm  R7  SNWOA't:  D**  ■*>*'  N0,ST  TO  **T'  *>  6RBELS.  FINE 

a.  Z5  41  16  100  67  GRAINED  SBC,  STIFF  CCNSISTBCV- 

SHIOAILTY  $*D:  Daw  brow,  hoist  to  >ct,  fi*c  Grained 
_  lrv,  „  2  SBC,  ■CDUT  cetsiiv. 


<3,  ,  «,  a,  Mil*  SAM:  T*H.  HOIST,  COARSE  GRAINED  SB®,  SUB~ANGULB> 

^  *  V  98  ?J  ??  TO  SJIMKMCCn  GRBEL  <1/2  INCH  HBT-.'.  7®DIlM  DQWSm- 


T*'  N0,ST'  drained  sb®.  5  t>e»ce<r  grbel  to 

“C  \P.  INCH,  DEHSF- 


\  9*  43  14  96 


SCALt  1  IN*  if  T 


1  SCe  PLATE  15  POP  LOCATION  Of  TEST  HOLES  ABC  t£ST 
TRENCHES 

2  Set  PLATE  It  TOR  LEOENO  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  «  FOR  OATE  ORILLEO  OR  EXCAVATED  ANO 
TYPE  Of  EQUIPMENT  USEO 

♦  ALL  TEST  MOLES  ANO  TRCNOCS  WERE  StT  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT* 
_ M  THE  CHANNEL  AND  ‘EXISTING  GROUNO*  ON  BACK  SIDE  Of 


U.  S.  AAMT  ENGNCCI  DISTRICT 
LOS  ANORn 

_ COR*  OF  iNORAHM 

SANTA  ANA  RIVER  MAINSTEM,  CAUTORNIA 
phase  n  general  deswn  memorandum 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGNEERS 


STA.760+00  TO  STA.753+00 


THR4  —  1507 


VALUE  ENGINEERING 

rua«-  1509 


1*4-1507  ST  A  740*00  L 

KPTH  L06  PIC  U-  PJ  -*  '2®  * 


a-  180* 

Description 


a*m.r  shd/silty  away  saw:  uro*.  wist,  fi«  to 

j  W  82  8  COARSE  GRAIN®  SAW,  GR4TS.  TO  2  INOCS  IN  SITE,  SC* 


TW-1509  ST*  719*00  * 

DEPTH  106  *  (i  -*  -200  "  _  Pesail>>T 

~  SAUD/SiLO  SAW:  Light  mow 

SP/w  W>  95  7  *****  TO  *a*®05  S"*a  TO 


*  92  8  30R 


SAdD/SILTY  SAW:  %0t  A$  «*€• 


SK/SK  IP  89  7 


SAHO/SILTY  SA#«0:  $a*  a$  «0 


SILTY  SAW:  S#e  as  *w£. 


S*/*  S  *  *  7  SO 


S d  V  93  K 


SVE;  6»ev.  HOIST,  COMES  W«. 


52  SVC:  6**0.  TO  1  INCWS.  sc*  COBBLES  TO  9-1/2  |NO€S- 


S*C:  Grey,  hoist.  so* 


*>  97  7  20 


•y/sr  V  81  5 


auvaiy  smo/siLTy  gn»u.t 

(MlWED  Qnwe.  TO  1  INCH.  Xl 


SJMfiT  SILT:  9ro»w,  wist  to  wt,  cocsive,  fine  main® 
77  51  9  LOO  7a  5  saw.  stift. 


1.  »i  14  %  52 


St)**  SILT ■  brow.  wt* 


J7  9  100  80  19 


SILTY  $A*r>:  ’too*.  WIST  TO  *«T,  FINE  39AJNED  SH®.  SC* 
IS  V  130  25  COHESION. 


H./fi.  y>  7  100  51 

ZL2 _ _ _ 

Sd  •«  96  13 


$**"  SILT/SAHT  C.Sy: 

WAIN®  SAW- 


SILTY  $AdO:  Light  wow.  no 


TH84  -  1508 


**4-1508  $T*  710*00  L 

DEPTH  L06  NC  LL  PI  -9  -200  A 


SAW:  LIGHT  MO*.  HOIST,  FINE  GRAINED  S«®.  SOME  GRATEL 
95  3  TO  1/7  INCH  IN  SIZE,  SO*  SILT. 


SJPOAIlTy  SAdD:  Multicolored,  hoist,  fiw  to  coarse 

V  S9  7  15  GRAINED  SAW,  GR*%.  TO  7  INCUTS,  SC*  SILT- 


SARO/SIUY  SAdO:  Light  mow,  wist,  fine  grained  saw. 
5  25  SC*  3RWEL  TO  1-1/2  INCH  IN  SIZE,  SC*  SILT. 


^  „  ,  5ILTY  S«0  ^TICaOR®,  WIST,  F|*  TO  COARSE  GRAINED 

4*  13  V  SAW.  GRWW.  TO  7  INCWS  IN  SIZE,  «*.  SILT- 


,  _  GRAVTU.T  SAdD:  HiXTICaoRED,  WIST.  HEDIiW  DENSE.  COARSE 

7  /  T*  GRAINED  JAW.  SC*  SILT. 


SP/Sd  HP  99 


SW/sj.  NO  9/  6 


SAW/SILTY  S*(D;  Sj*  as  48 


SAdO/SILTY  SARD:  Si*  AS  « 


TT  84  -  1573 

INVERT 

TT89-1S71  ST*  *19*00  r  P_. 

DEPTH  LOfi  MC  Bt  -4  -200  M  Dt9C' 

SAR0:  ftJLTI. TOLCR®.  F|Nf 

90  1 

SAME.  WIST.  COARSE  GRAf 


39  SAW:  S««  AS  I 


SVC :  Fp»  GRWEl  TO  *  I» 


SILTY  SAW:  Brim.  wist,  cowsivi.  fine  to  coarse 

79  GRAIN®  SAW.  WMl*  WISE,  ORWEL  to  5/4  INCWS  IN  SIZE ■ 


ydti.  Light  mom.  wist  to  *t,  r\m  to  coarse  main® 
3t  t»®,  GRRia  TB  1/7  INCH  IN  SIZE,  SO*  SILT. 


-1  23  ion 

69 

95 

0 

SAdirr  a»y  greyish  mo 


SAND'  WLT1C0L0A®.  wi 

MMU-m-MMl  .TO  1  id 


15 


Vi 


jUUE  ENGINEERING  PAYS 


»>  31  S  GO* a  TO  l  l»k  ■.  msf.  PINE  GRAINED  S/WO. 


i«  96  *2 


29  7  100  Si 


*  *  1! 


V  99 

c - 


,ijrv  sj.j  n«*  BffONH.  moist,  cqfcsive,  fem  gr/wel  • 


LIGHT  WON».  WIST.  LOOSE.  PINE  GRAINED  S/VC- 


y»-«l!.TW  SMI?  S«C  AS  AW*E- 


:»?^rwT»  smr):  $**  as  fro*. 


L  -- 


VERT 


11  04  -1 57  3 


51  2i  ;* 

95 


5M5  %1'tCaONO,  FINE  To  »«1<*  O0A|)<S. 


\n\  Hoist.  co««  mained  sac.  fs>  g*/vel  to  l  inch- 


Cen  %»wel  TO  1  (NO.  F*t  COMLES  TO  5  INC 


'MTO  a»f  sreyish  new.  nm,  comes tv* . 

$*|i-  JVA.nca.ONC3,  mjr  ro  *t.  very  oume  /trained 

««Lat-3Mm.  ro  i  im _ 


r 

THB4  —  1509 

TH84  — I5IO 

J  Srt  719*00  * 

a-  I69i 

TW9-1S10 

STA  719*00  L 

a- 169* 

] 

■A 

-200 

X  Description 

DEPTH 

L06 

RC 

U.  PI 

-9 

-200 

9 

Description 

95 

’ 

SMVSiLTT  sand.-  Light  mo*,  moist,  fine  samo,  scme  sia- 
ROUBED  TO  PONGED  GRAVEL  TO  1  INCH. 

5 

87 

’ 

omSb.  ^TiS*-  N0IST‘ LOOSE’ F,ME  6R/U,€D  SM)- 

s  XP 

89 

7 

SAID  •'SILTY  SAID:  Sar  as  a**e .  gr*el  to  2  inches,  very 

SENSE- 

96 

9 

30 

SAPC;  CUMPS  OF  Oak  BROW,  COWSJVE  HATER! a- 

r 

*  * 

96 

16 

siLr*  SWD:  Same  as  «m e.  moist. 

87 

3 

98 

s«:  Fire  to  coarse  grained  sac.  gr/mel  to  2  inocs. 

POCTTKMEItR  HIT  ROOC- 

w 

95 

22 

I’-f  -REY.  moist,  cohesive,  scme  ORGANICS.  OOISE- 

L L2 _ 

30 

m _ 

* 

¥> 

100 

71 

30 

SWOT  SILT :  too*.  MOIST.  Fin,  FI»C  GRAI/O  SAC- 

' 

95 

18 

5AJE  hREY.  MOIST,  SCFR  SUMOUNDED  GRAVEL  TO  l  INCH- 

dl-q  . 

SR 

16 

29  5 

100 

92 

5 

SH^T  SARD:  Oik  brom.  hjist.  C0*CS1VE,  Flic  grained 

ic  07  c  SWD*iLT'r  yl,T1:  UWT  WO*'  WIST.  EII*  TO  COARSE 

•**  9/  5  13  grained  sue.  FEW  GR/*a  ro  l /?  inch- 


56-0 


1 

21 

l  99 

60 

STUDY  MLT:  T'*«  9R0HN-5REY,  MOIST.  B1MF  GRAINED  SAC, 
5  CQTCSIV?.  STT. 

M-fl— 

a 

17  50 

17  99 

72 

SWY  a*Y:  90ON,  MOIST.  FINE  TO  MED  I'M  GRAINED  SAND- 

1  SEE  PLATT  IS  FOR  LOCAT'ON  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8A  FOR  LEGEN0  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  DATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USEO 

4  ALL  TEST  MOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  ’INVERT" 
IN  THE  CHANNEL  ANO  "EXISTING  GROUND"  ON  BACK  SIDE  OF 
LEVEE 


SCALE  I  IN*  3  FT 


iynwx 

0RKRPTKNI 

OAR 

MWRQAM 

ftCVlSIONI  | 

u.  i.  Amur  iNGNm  dotwct 

LOS  ANOCUS 

com  of  mo wtits 

SANTA  ANA  RIVER  MA  INST  EM.  CAL  I  TORN!  A 
PHASE  2  GENERAL  DCSK3N  MEMORANDUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 

STA.740+00  TO  STA.7 19+00 


LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA.780+00  TO  STA7 15*00 


CUy*7  OWVn. 

»lth  ctUlii  throughout 


MT66-5 

TEST  BORINS  LOG 

AT  ION  191 


$?  Mottled  t. rown  fi 
j  scattered  VftVCl 


VALUE  ENGINEERING 

MT66-6 

TEST  B0RIN6  LOO 

4-«»bry  EiEv«Tio»  13 


1SP|  Brown  loose  fine  to  me* fw*  S*>0 


MT66-8 

MT66-9 

MT66-9(cont’d 

TEST  BORING  LOG 

f  .  e  .c  r\ 

sr.,.s  ... 

TES"  BORING  LOG 

TEST  BORING  LOG 

E.L.ATIC*.  t 

|lo90«-»0t  ■*>' 


VALUE  ENGINEERING  PAYS 


MT66^§ 

TEST  BORINS  LOG 


TEST  BORING  LOG 


TEST  BORING  LOG 

3*  f  _E  VAT  ION  190' 


MT66-9(cont’d  ) 


:-:ST  BORIS G  LOG 


TEST  BORING  LOG 


TEST  BORING  LOG 

t.EvATtQN  R.'  1  tO 

;  - 


r*  » 


•  i  Li  . 

rr 


!'■'!  It.:.  _ ^ _ — 

:  ■'!';!  rVl'V . 

^  I . . 


IfilpSfU*'* 

i  k  ~  i  ?  s'ts  1  s 


;Hj»  £!? !•.  'vfi 

*s  ti»T- - - - -r- 

1 1  "i  9  i  *is  i  (■ 


SEE  PLATE  IS  FOR  TEST  SITE  LQCAT.ONS 

SEE  TABLES  4  AND  3  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN  ALL  LEGENDS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 


U.  S.  AJIMY  fNQlNtti  MSItlCT 
LOS  ANOCLlS 

_ COiW  Of  tNCHHIl 

SANTA  ANA  RIVER  MAINSTEM. CALIFORNIA 
PHASES  GENERAL  DESIGN  MEMORANDUM 

LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA.780+00  TO  STA.7 15+00 


I  WK  MO-  OACWO*. _ %. _ 


I  IIP  ENGINEERING  pays 


TN84-1601 


TW*-l«a  STA  71000  L 

DEPTH  l«  It  a  H  ■*  Ml  II 


smvellt  sawvsilty  «a*uy  saw.-  brow,  »ist,  fj*  to 

60  CCARSE  GRAIWET  S#©,  COWLES  TO  7  INCH,  SOME  SILT- 


SAID;  BROW.  HOIST,  FINE  TO  C 
24  TO  7  INCH.  SCHE  SILT. 


SP  1  92  4  11 


IVERT  U8*-J.§Zi, 

STA  699*0?  ■■'  fL-  14®? 

*  J  n  Description 

SAW:  V.TT^X.'WED.  *©01*  GRAIN®  SARD- 


MlT*  9INC  Ow*  4ROW.  *©IST.  vrr  COHESION.  HI* 

•Jr»l«3  SWD 


2  S*D  ^A.TI  COLOR® ,  -©1ST.  *IN£  SRA1NH). 


VALUE  ENGINEERING  PA 


T*H603  $74  699*00  L  EL-  161t 

DEPTH  LOS  NC  Ll  P;  -4  -200  N  Description 

5  ip  96  21  SILTY  $AW>:  Brow,  hoist,  swa  to  1  inch. 


-200 

N 

96 

21 

99 

31 

19 

96 

50 

18 

SA/C.  Slightly  cohesive.  gr/*el  to  5/9  inoc 


SC  12  28  l»  94  18  CLATY  SAW:  Brow-hed.  hoist. 


SILTY  S»D/aMTY  S<WD:  3row.  *>!St.  si  ig^ 
SVSC  12  2?  €  9«*  J5  20  5R*B.  TO  3>3  inch. 


S«  5  V  95  13  18 


SILTY  SAND:  light  brow  to  grey.  *>is».  :o*. 


SAN0/S1LTY  SAND;  LIGHT  brn.  Ghey.  ndi$t.  3 


SAW):  LIGHT  GREY,  FT*  GRWFL  TO  1“1/?  I  NO*. 


SAW)  Light  irow.  hoist.  fine  to  coarse  grained  s*©. 

SH 

21  .  99 

39 

SILTY  SANO:  L154T  brow.  SArmATH) 

2t-D  . 

T*M504 
BPTm  log 
iJL _ JP_ 


ST »  5*H»  l 

J'  *4  -?T0  H 


sr‘  S  SO  SMID/SILTY  SAND-  Grey-ligh*  brow.  v 

SWT.  3PMSEL  TO  V«|  inch. 


SAND  Grey- light  mow.  >t>isT,  *crij 


oRey- light  me 
4  40  GRWEL  TO  3/4  INO*S 


VS* 

-iia _ _ _ 


u  Of,  .  ,,  SAND/SILTY  SAND  Srev-lIGh*  brow. 

Y  *  4  13  GRAIN®  SA».  GRR/tL  to  3/9  ino*S- 


S»D:  Rrev*U5HT  BROW,  Hoi-*  r 

4  l1*  SR®.  GRWEl  TO  J*i  INCCV 


i  MW.  SATURATED.  HI 

2?  S*W*WD  SANT.  3RNYEL  TO  5/4  |NC*€?‘ 


S»D:  RRFY,  SATiRATTD.  TO  COARSE  0 

W*tL  TO  3/4  INC>«$ 


VALUE  ENGINEERING  PAYS 


TH63-1603 


STA  699*00  i  EL'  l61* 


I  _ 

RC 

a  pi 

-4  -:x>  * 

Description 

5 

NP 

*  :: 

SILTY  SWD  0ROW.  HOIST,  GRAYEL  TO  1  INCH. 

SVC'  SLI6MTLY  COHESIVE,  GM/El  TO  3/9  INOCS* 

13 

19  2 

33  fI 

19 

t  ~ 

14 

V  y" 

MLTY  SWVI-LAYEY  S»n  &RONN.  *}IST.  SLIGHT  CttCsivE 

GRWEl  to  3 a  inches- 

\  . 

79  ix 

y. 

SM”  4ROW-RCE,  "CIST. 

[  i  16  i  ;;  «!■.»»  $*NR  HOIST,  MiDItff  TO  COWSE  GRAINED  SAND 

S  GSAYFL  TO  1-1 n  INCH- 

L- 

UBP/3.HEY  Snow.  W>IST.  SLIGHTLY  OCSIVE, 

GURYEV  TO  3/9  INCH. 

!*> 

^:.tv  $m:  ^ight  brow  to  g«fy.  hoist,  grryel  to  i/%’- 

L 

y  -  : 

SIR"-  LIGHT  URN.  GREY.  HOIST,  GRAVEL  TO  3/5'- 

1  V»*  IJHT  ee*  GRAVEL  TO  1*1/2  INCH- 

} 

4*  -  r  'AN."  .1  jHT.Wev.  SATURATED.  r£*  &»*•?(.  TO 

*  \  >•  ’*  .IV**  T«OW.  SATURATED.  elN6  »A[Nn  SAM). 

_ 

2t  2 

j: 

iARl'  .13-'  BROW.  SA* .HATED .  fine  GRAINET  S*C- 

TH83-I604 


-i:.  uta.  fe»  gr*el  to  r. _ 


*'*  '“E* '  - !  iHT  &<+*•.  ti(;r,  ■CDI •/*  GAAfNED  SAMJ, 

•u*c .  "  ’ 1NO*'- 


W  •*1’>  iOfv-i.;>iT  BRDM.  HOI^T,  *«DIi#A  TO 

■  ••to  *«■.  T?  !/n  i*c»€s- 


BROW.  HniR'  NFOI  r  TO  C OARV  GUMMED 
INC*V 


v  L  f •  '.o»v  ■vntt*  to  coarse 

-3»:iEr-  s«C  iomrr i  ^5''i  jpfocn 


'-*cv  SATi0AT*O  Hfni'JR  TO  COARSE  GRAINEP  SAMI. 
"■•WFl  TO  >/'■  lnc>«s 


THS3-I6Q2 


DEPTH  LOG  RC  U.  PI  -A  -200  N 


ML 


SAFE:  to  2-inch.  SLIGHTLY  COtfSJVf. 


SHOT  HAY;  Dam  wow-red.  hjist,  cocsive,  sat  gravel 

TO  3* INCH,  CANING  AT  19  FKT. 


Q.AYEY  SMP:  S/ ¥t  AS  4&*E- 


WT»:  GREY,  N3IST,  GRN/EL  Tn  1-INCH- 


i  SEE  PLATE  16  FOR  LOCATION  OF  TEST  MOLES  AND  T£$t 
TRENCHES 

‘i  SEE  PLATE  BA  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

5  SEE  TABLE  6  FOR  OATE  DRILLED  OR  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  USEO 

4  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  *  INVERT" 
IN  THE  CHANNEL  AND  "EX  I  STING  GROUND"  ON  BACK  S'DE  OF 
LEVEE 


u  s.  ARMY  tNGMtft  DtSOhCT 
LOS  ANOEUS 
CORPS  OP  ENG  (NEWS 


SANTA  ANA  RIVER  MAINSTEM,  CALIFORNIA 
PHASE  B  GENERAL  DESIGN  NCMORANOum 


LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGWEERS 


STA  710+00  TO  STA  690+00 


ENGINEERING  pays 


TH  83 -1606 


TH84  -  1607 


DEPTH  III  It  11  II  H  -TOO  , 


a A'ffY  SW:  SR*,  MOIST.  NO  Ct>CS-  SIM.  TO  V.  COWLES  6*. 
yt  *DKM  WlSirv  GRAM  TO  1  INCH- 


n3  s#*VMLTy  SJi ND;  Course  grained.  oe*s€,  clean,  noist. 
LIGHT  6flEr-aSO*.  GK0EL  TO  l  fNCH- 


$«m  MOIST.  WDll*  TO  COURSE  GRAIWD- 


SAW-  l.tGHT  BROM.  *€T.  NO  CONSIGN- 


SIA?  D*W  3»EY  a»o*<.  SATIATED,  Ct»CSIVE. 


«  n  «  c  1nn  *c  t  SILTY  SWO:  LIGHT  BROW.  WIST  TO  >CT.  LOCJSE.  FINE  TO 

an  u  n  C  1WJ  56  7  COARSE  GRAINED  SMC,  SOW  SILT- 


SWOT  SILT  *»«.  NOIst,  STIFF,  COHESIVE,  SOW  TINE 
GAINED  SAW  MO  SILT. 


•J7I0T  Sr.?  =<RrM».  SArjrAfET'.  COWSIVE.  G»*a  TO  I.?  ' 


?9  6  100  6S  11 


SIMF:  -On*  8RO#t.  SO*  COWSICN- 


iWv<  -i4>  VhN.  SATURATED.  COCSIVE.  3»*EL  TO  1/7". 


5“  10  100  ?M  9 


'**  *R»!>  W*.  SLIGHT  COCSIVf. 


VN  H  <-?*  TO  WOfH  G»AI«D- 


7  9  HR  i  11 


GIUVF'J.t  SAM!):  Da*  bro**,  wist.  cine  grained  sand. 


9*«N.  MOIST.  GRAI*D.  GMNTL  TO  1" 


AT  -O#^.  TA  \  <■)’. 


.^uti.mats.jvis^aeBt.aaMxa  SMtb&JZlil' 

'•*'*  7*'  **9*  ">#ETISN  .  MOIST- 


1  SEE  PLATE  16  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  see  plate  ba  for  legend  ano  classification  system 

3  SEE  TABLE  6  FOR  DATE  DRILLED  OR  EXCAVATED  AND 
TYPE  OF  EQUPMENT  USED 

«  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  “INVERT" 
IN  THE  CHANNEL  ANC  "EXISTING  GROUND’  ON  BACK  SIDE  OF 
LEVEE 


*r<  "  ’niOISH  WIST,  vt *  (Y*«S!». 


'  '*0.  »F!»1SK  POA ,  WIST,  SL I9HTY  CO*SIVl- 


silt  Reddish  mm.  wist,  slightly  cc*«siw 


>••0*'  <1AT  RflJOtS*  MM,  WIST,  SLIGHTLY  COWSIV*- 


U.  S.  ARMY  ENGHHR  W*T*ICT 
LOS  AMOtUS 

_ _ com  o»  EHO»«— s 

SANTA  ANA  R 1VER  MAtNST EM,  CALIFORNIA 
PHASE  IT  GENERAL  DESIGN  MEMORANDUM 

LOGS  OF  NVESTK3ATK3NS 
CORPS  OF  ENGWEERS 
STA.680+00  TO  STA.657+00 
tmtom,  |»tCNo.  [ 


VALUE  ENGINEERING 


MT79-.3 


MT  78-9 


EL£VAT/ON  feet 


lUUE  ENGINEERING  PAYS 


■ 


4 


MT68— I 


MT68-2 


1A5_ 


*  Stm\616*OQ 


lifl- 


L35_ 


L3Q 


£5_ 


t2G_ 


1  us_ 


8-1 

13 


SPl  Bren.  tint  K  coant  SJilh  mill  IMfltrti- 
fma  grora! 


IS  PI  Brown.  t (na  to  mad mm  SAND 

*  IEHI3 


\fUL)  Brown  CLA  YEY  SILT 
\KU  Brown  SANDY  CLAY 


ism,  Brown.  fma  S/tfr  SAND 
(mu  Brown,  ting  SANOY  SILT 

IBB 


if  mu  Brown  CLAYEY  SILT 


j/Ci I  Rad  dish  brown  SIL TY  CLAY 

®PH  !»■>[«  1 


scot  farad  grora! 

J  (CL- MU  Raddtsh  brown  SILTY  CLAY  with  thin 

I  mumyn  _ _____ 


U0_ 


(MU  Pod <hsh  brown  CLAYEY  SILT  with oceonena/ 

’  I»»l »  I  fm*  s™*  •**  c,af 


rsEE 


•m;  if  Oddish  brown. / mo  S/LTY  SAND 


\(SW)Padd<sh  brown  SAND  GRAVE L  <rd  COBBLES 


145  . 

*  3 to  683*15 

i 

140  . 

1 1413 

1 

3-2 

[i® 

as.  . 

Brown,  ting  to  coorta  SAND  and  Una  6-Oral 

Mi  1 

130 

\ 

ismj 

Brown,  ft no  to  modi  am  SILTY  SAND 

mu 

Brown  SILT. 

125  3 

DITTSl 

1 

ISW  Brown,  ting  SILTY  JtMlD 

(mi! Brown  SILT. 

tN«M 

120 

i 

imU  faddish  brown  CLAYEY  SILT  with 

aoma  small  voids. 

(CUNadd/sh  brown  SILTY  CLAY 

tCU  Nad  dish  brown  SANDY  CLA  Y  with  orora 

115 

! 

no 

I 

(SC!  Nad  dish  brown  CLAYEY  SAND  and 
6NAVEL  with  scot  farad  cobb/as 

E 

i 

3-7-60 

MT  64~5 


r  i.  m  7  ICTlNC  HO.  j 

TW  J6-  fcitLrl  T«p'nai<  Vlcv^ian  |  .  ,  | _ Cfpltlfd  -  ?.T.M 


i 

71 

•* 

" 

DJ-'Mi  fine  tc  tour**  eani  and  fin'  jr-ivc!. 

• 

if 

iW 

A 

i«-> ' 

8 

i 

i( 

irr-vn  §j  Hr  fine  **r.8 

i  mi»‘ 

X 

t 

‘  u; 

1 

HfOA-H  ft iv?  (0  (WiHu*  tarrf 

j| 

2s 

15 

Si 

afiw-n  fine  l»  *9»r»«  fani* 

1 

■Wing  loc'tfl  on  r*»l  bin*  a '.ore  atotit 

6C  feat  tnrtt  of  barrier  fence. 

No  nesrb;'  after. 

fast  ctrll!  rr*to  with  no  c*v». 

j 

1 

1 

II 

h 

i 

If 

Ii 

? 

h 

$ 

• 

i 

A 


NOTES 

1  SEF.  PLATE  16  FOR  TEST  SITE  LOCATIONS. 

2  SEE  TABLES  A  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENDS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 

3  LOGS  8T  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


I - 

— 

ItTf 

mawoo* 

bait 

IM 

REVISIONS  I 

0.  S.  ARMY  ENG  WEE*  DISTRICT 
l0»  ANOftlS 

OORfS  OS  ENO WEIRS 

B 

SANTA  ANA  NlVCR  NA1NSTEM,  CAUTOWIA 

Pt*$ES  GENERAL  DESK3N  bCMORANDUM 

logs  of  investigation 

BY  OTHERS 

STA.715+00  TO  STA.650+00 

hawm  Hr, 

IB 

ELEVATION  FEET 


fj.  - — — ~ «  5  ■ 

”  ,7  M  «  <n  saw  •&*  c»«st<*. 


SANDY  a*Y:  Brow,  moist.  to  oww  grained  ms. 


VALUE  ENGINEERING  P, 


JH83-I70I 

T*3-1701  STA  844*00  L  EL-  140* 

DEPTH  L06  K  U  PI  -*  ‘200  1  Description 

SILTY  SWO/CLAYEY  SAND:  BRCMN.  net,  MEDIi*  TO  COARSE 


SC  5  26  8  93  19 


HATTY  SARD:  BROM.  NET  WDIW  TO  COARSE  GRAIN®  SAM), 
0RVB-  TO  1-3  I  NOES,  COWLES  4  1NQ€$- 


TH83-  f?Q2_ 


TW3-1702  STk  636*00  L 

depth  log  hc  a  °i  -*  -200 

st  H-HH- 


COBBLES  TO  4  INCHES- 
50  CLAYEY  $W0:  6REyism  BROW,  » 


26  SKtt/SIlTY  SAW);  6«y,  moist, 
3V9i  2  if  99  5  6r*B-  to  1/2  inocs- 


SWD/SILTY  SAW):  BROW,  WIST,  COARSE  GRAINED,  GRAfELS  TO 
2  1NOCS- 


SN/»  2  If  96  9  SAW:  N®ll*  TO  COARSE  GRAI* 


it  25  S8  28  100  58 


SANDY  SILT:  Greyish  brow,  moist,  ccdcsive- 
SAND/SILTY  SAND:  LIGHT  brn  COARSE  GRAINS).  6R/VELS  TO  1*- 
SAND:  Light  bronn.  coarse  gnaingd.  graab.  to  1  inch- 


3  HP  99  4 

2  *>  98  5 

3  if  99  6 


SANp/SILTY  SAND:  BRN,  MOIST,  COARSE  GRAINED.  GR/L  TO  1 


SAND;  Grey,  moist,  red-  to  o 
1/4  INCH. 


SA"0:  Brow,  moist,  course  grain®  mw®  to  l  inch- 

19-2 

44 

19  100 

SILTY  CLAY;  Rro#«, 

NET. 

COME 

5R4WILY  CLAYEY  SWD:  Brn.  MOIST,  WD  TO  coarse  grain®- 
a»TL  »l»m.  rm*n  ni  iBfi. _  _ 

V£~°  " 

SANDY  CLAY:  Brow,  moist,  m®-  grain®-  Gratb.  toI". 

*1 

70 

27 

2  100 

70 

SANDY  SJLT;  Bro*. 

<CT. 

’■err 

2M. 

CLAYEY  SILT:  REDOISM  BROW.  MOIST,  COWSWE- 

29 

24 

1  100 

61 

SILTY  SAfP:  4«WN. 

NET. 

SC ME 

31  100  98  8 


CLAY :  *n»ISH  BROM.  MOIST,  COWS  WE 


a  2  3  34  u  130  74  SAW1Y  Q.AY .  *a»)!SH  BRMi.  MOIST,  OOWSWE- 


Si  35  34  10  100  81 

35  35  12  98  78 


CLAYEY  SAND:  9«0*,  *CT,  <0* 

SANDY  a  AT  Bro#*,  net.  sot 


1  2S  36  14  90  69 


T i® 3-170*  STA  615*50  4 

oepth  log  nc  ll  »i  -4  -200  4 


I  YO  m  «  _  a_«T>T  SARD  BROf*.  MOIST  ,  «tu.  GRADED  RROM  AINE  •• 

rf - 3 - W- - £ - 2L-  COARSE  DRAB.  TO  3  1NCWS- 

ll  SI  U  Vi  ?4  SAW.  WDJiN  GRAINED  SR/VEl  TO  7  INCHES- 

*  4P  97  10  26  SANO/SlLTT  SANO  4rn.  moist,  MED.  to  coarse  grain®  s*t>, 

no  cowsion- 


3  V  98  8 


SAW:  LIGHT  BROW.  NO  COCSfON.  CLEAN  GRAVEL  TO  l/?*- 


n  32  10  100  72 

JL2 _ _ 

*  31  33  9  100  77 


SANDY  SILT:  BRCW.  *€>.  rn 


99  6  SAND:  Light  mom.  moist,  clean,  «d-  to  coarse  grain®, 

- - NO  COCSION,  QRWB.  TO  \H  JNCWS- 


_  „  SANf)/SlLTY  SAAB:  %>IST.  LIGHT  BA CM*.  MED-  TO  COARSE 

v  *9  5  GRAIN®.  NO  CQtCSIIM- 


INVERT 

1 184-17'.  5TA  615*00  C 

oouh  i  x  a  •>(  -4  -:oo  « 


*  54  51  25  100  98  0.4*- 


1  45  »  100  * 


*  w  M  „  SWOT  SILT-  Grey,  ngist,  cine  grain®  s«e  cohesion, 

'  50  n  3  U»  n  s m  RUST  ICTY. 

- - 10  _ _ _ 

K  39  14  l ID  90  CLAY:  Daw  grey,  iron,  *>m.  coesive- 

27  «  u  IX  78  6  SANDT  CLAY-  $•«  as  «K*E- 


3'"  9  UK)  69 

24  1  99  SI 


SA«Y  SrI-  t«m  • 


22  41  19  IX  n  10 


ALUE  ENGINEERING  PAYS 


THW-T7Q8 


E  S«  656-00  L 

'  HC  LL  #l  -*»  -200  * 


U  91  1 1  as  29  CCBSLCS  TO  9  1NOCS- 

- 3 - 8  “  TT  50  CLAYEY  SNID:  6R€yi$h  Mo#*.  moist,  6*wel  to  1  :ncn- 

26  SARD/SllTY  SARD:  Gtter.  MOIST,  MED-  TO  FINE  GRAINED - 
2  f  99  5  Sr*®.  TO  1/2  imocs- 


THB3-I703 


1T€3-1705  STA  622*00  L 

DEPTH  LOS  *  LL  Pi  -o  -200 


*  28  8  99  20  CLAYEY  SARD:  Bro#i,  moist,  fine  to  wmim  saw,  Sr/vel 

T - 77 - s - si - TO  3  >«*s. 


SAI€:  flEDim  TO  COARSE  GRAINED- 


SARD:  Grey.  medii*  graiwd  saw,  Sr* el  to  3/4"- 


*  99  4 

if  <9  5 


SMC :  Coarse  graiwd- 


IP  <39  6 

~W  'T9 - T 


3>  5  39  R 

1  2?  U  5  •«  90 


’I 

'<4 

;■?:  36 

[_=_ 

24 

2'  2 

:x  n 

SR 

29 

* 

l'10  si 

V ) 

\X  66 

* 

15 

u 

:w  «i 

55 

n 

»  ’3 

1 

25 

r  69 

U 

f:  ; 

.  r  n 

1 

n 

IT 

IT  77 

Tfl 

*  T 

99  n 

*  90  SMW  SflT:  6«0#*.  *7.  saw  COHESION- 

[SI  9T  a Imw.  wr.  cawsive- 

SILTY  CUT:  %o*.  NET,  COWSIVE- 
36 

.-X  70  5AW)T  SILT:  9»ow,  NET.  sow  cwesjoN- 

r  si  SILTY  SRT:  "too*,,  *T.  sot  cn*s  ION¬ 
IC  66 

HI  81  a*TTT  SARD:  Brow.  N*T.  *?€  comes  i*. 

W  ’3  SARDy  a»T:  BROHN.  NET,  ««  a>€S:ON. 


5ARTT  SlcT.  Soon*,  net.  sew  coesicw- 


SILTY  SIRD/CLAtpt  5ARD  FtoCMN.  s*t\Aated,  no-cows itn. 
MEDI'JM  to  comm  graiyp  SAW. 


SILTY  SARD:  BROW,  MOIST,  FINE  GRAINED- 
SAR0T  CLAYEY  SILT:  Brow.  wist. 


»  22  58  27  100  90 


3i  n  10  1WJ  45  CLAYEY  SARD:  AS  MO*. 

34  34  12  100  79  SILTY  CLAY:  yellowish  brow.  -CT- 


SP/SR  23  V  100  12 


a.  27  37  «  100  69 


SARDAILTY  SARD:  as  wove- 


SARDY  CLAY :  Dn*  brow.  «*t. 


^  ®  ^  ®1  ^22  CLAYFY  SARD:  Brow.  iCt.  gr*/b.  to  l  inch- 


TT84-I77I 


1  SEE  PLATE  IT  FOR  LOCATION  OF  TEST  HOLES  AND  TEST 
TRENCHES 

2  SEE  PLATE  8A  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  DATE  DRILLEO  OR  EXCAVATED  AND 
TYPE  OF  EOUIPMENT  USED 

A  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  “INVERT" 
IN  THE  CHANNEL  AND ‘EXISTING  GROUND*  ON  BACK  SlOE  OF 
-EVEE 


SARDy  SILT:  1»«  bwm«  to  gryt,  wist  ro  wr,  canes iv 


_  [  Q*M  [  Wm 

REVISIONS 

U.  S.  ARMY  fNGMRS  OtJTtXT 
LOS  ANGUS 

_ _  CORPS  OF  fNOWNEMS 

i-msta  oews«L  oeswi  kCMonmouM 
LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGMEERS 
STA.644+00  TO  STA.615+00 

fwc.  no.  Kin. _ 77T  I  **’ 


LUE  ENGINEERING  PAYS 


SCAuE  l  IN-JFT 


NOTES 

*  set  PLATE  IT  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  SA  FOP  LEGENO  AND  CLASSIFICATION  SYSTEM 

1  SEE  TABLE  6  FOP  DATE  DRILLf.O  OP  EXCAVATEO  AND 
TYPE  OF  EQUIPMENT  USED 

A  ALL  TEST  HOLES  ANO  TRENCKS  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT* 
IN  THE  CHANNEL  ANO 'EXISTING  GROUNO*  ON  BACK  SIDE  OF 
LEVEE 


A I  IIP  engineering  pays 


MT  78~3 


MT78-3A 


laowiNC. 


■  - 

► 


GC7I-44 


IStO  '  £5 

I  SEE  PLATE  17 


FOR  TEST  SITE  LOCATIONS 


2  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
F RQW  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ARE  CON  TAiNEO  WITHIN  THE  REPORTS 


3  LOGS  0y  OTHERS  ARE  ONl>  tO  BE  USED  TO 
DETERM  NE  THE  GENERAL  SOi.  PROFILE 


.  -  _ 

IT  MMX 

- - - - - - — - 

tmarnONJ 

Ml 

*f  VISIONS  1 

u.  $  AAMY  ENG  WEE*  WS111CT 
lOS  ANGELES 

CO*K  OF  ENGINEE*S 

owe**)  •* 

SANTA  ANA  RIVER  MAINST EM  CALIFORNIA 

PHASE  n  GENERAL  DESIGN  ME  MON  ANDUM 

logs  of  investigation 

BY  OTHERS 

STA  650*  00  TO  STA.585*00 

Mawn  n< 

ovcat  »*• 

SUtMITTfO 

1  y*c  mo  d*c*».  a-  1 

VALUE  ENGINEERS 


ELEVATION  FEET 


VALUE  ENGINEERING 


TH  83-1807 


TH 83 -1802 


ST*  555*00  * 


DEPTH 

LOG 

HC 

LL 

pi 

-8 

-200 

N 

Description 

DEPTH 

LOG 

NC 

LL 

pi 

-4 

-2®  » 

Descriptiw 

sp/sn 

2 

w 

100 

8 

8 

SAVflVSILTY  SAND:  T*.  wtr.  fl*  SRAJ^CD  SRC- 

SM/91 

4 

if 

71 

11 

17 

at /NELLY  SAND/SILTY  GRAVELLY  SAND:  feQff,  WIST,  fin 

TO  «DU»1  GRAINED  SRC- 

ff 

109 

JSL 

7 

SILTV  SARD:  TAN.  SLIGHTLY  DR*.  FlNe-GRAllCD  SRC- 

SANE:  Light  mo«.  fine  graj«j- 

SP/SN 

3 

R> 

98 

8 

9 

S/N0/SILTY  SAND:  Brow,  moist,  WDIum  graifO  sand- 

IT" 

"  *■ 

i8r 

54 

44 _ 

■  7-fl  . 

H. 

16 

1 7~ 

*_ 

T5r~ 

"TT 

§W5V"?irr:  to.  MOIST,  Fli^GRAJ^)  SMC,  SLIGHT  □>« 

;•(?_ 

"SP79T 

~~T~ 

— 

—w 

~5T 

— r 

SM 

6 

IP 

100 

2D  ? 

SILTY  SAND:  LIGHT  Vtom.  MOIST,  SLIGHT  aXSIQM- 

44 — 

— 

— 

95 

QUNELLY  SAND:  NOtST.  HEDUI*  TO  CORPSE  GRAJWD,  GRRrtL  TO 

5  INO€S- 

_34 _ 

SP 

5 

SP7$M 

» 

HP 

10) 

6 

SAND/S f LTV  SAND:  LIGHT  BRCW-TW,  «DUR  GRA/®- 

— fC~ 

TT“ 

—W~ 

TUT 

- 5T 

SANDY  CLAY;  BROW,  MOIST.  SLIGHT  COCSION- 

SH 

22 

If 

too 

47 

SILTY  SAND:  Dm*  wow.  moist,  slightly  co€SIVE- 

17 

28 

too 

58 

a 

22 

55 

15 

100 

67 

SANDY  a  AY:  DRW  WOW,  MOIST,  COCSIVE- 

SAIf :  DRW  WOW- 

sc 

iT 

52 

12 

100 

49 

CLAYEY  SAND:  BROW,  SLIGHTLY  COCSIVE- 

CL 

ISfS. _ 

91 

12 

V 

130 

24 

SILTY  SAND:  BROW.  MOIST,  MEDtl*  GRAJMED- 

16 

78 

n 

100 

52 

S«:  SREY-WCW- 

— 

SAW)Y  CLAY :  DRW  GREY,  MOIST.  COWSIVE- 

26 

85 

71 

100 

78 

18 

•" 

11 

TT 

IT 

SAI€:  Brow- 

•>« 

p 

•x 

50 

56 

15 

1® 

95 

CLAY;  LIGHT  wwn.  WT,  softer- 

Zl- ft... 

a 

25 

57 

15 

100 

80 

SAN0Y  CLAy:  Gray- WO*.  LESS  PLASTIC- 

24-0 

SK/S'* 

i« 

s 

100 

U  SILTY  SAND/n.AYEY  JANI-  4roh.  WIST,  fine  GRAINED  S 

42 

“ST 

_ 

JSlZ 

1"0 

— 5_ 

8 

27 

82 

17 

100 

53 

a*v:  SR*  AS  «M- 

M  27-0 

234_ . 

234 — 

SH 

25 

100 

17 

SILTY  SAND:  grey,  «ct.  finE"GR  aimed.  nom-cocsive- 

ilLQ _ 

SN/SC 

16 

25 

** 

171 

41 

R  SILTY  SAND/CLAYEY  SAND:  Iron*,  moist.  F,*  sraimed  < 

£4— 

SP/SH 

16 

IK 

10 

SAND/SILTY  SAND:  BROW,  WIST.  MEDlt*  GRAJMED  SRO 

21  - - - - - 

TH79-I  S 

TH83-I803 

TH79-1 

<n  5S9«0C '. 

a-  IP* 

T'«}-1805 

r  s  SM 

EL-  1121 

TPT« 

L"6 

NT 

r. 

3; 

-ft 

-20T 

4 

Description 

nEPTH 

LOG 

NC 

c; 

-h 

•2® 

N  Description 

5*  5 

T- 


18 


'l  Ji  5?  I-  i*  87 

iiiL _  _ _ _ _ 

n  /n  77  ?*  s  ion  s'*  \  t 


SWO*  n»V:  Dm*  BOOM,  M1|%T.  STIFF.  ROOTED  G*»El  Tr 

I  [to*  wiv  !  5  ot«ro«r  co*csion. 


5WI»  a»Y/S*»'Y  Sl'-T  Grey  WO«.  NET,  OC5ICW 


U1A 

2Li_. 


Ji4 _ 

4:  i___ 

V 

SP/SM  «  25 

44L- 

liU— 

SP 

25  *5 

71  ft- 

78  «ft 

li.4.. 

. -its:,  si:: 

;w  17  Si 

ZL-i... 

. . 

a.  22  *5 

Z9-fl  - 

ZS-tL. 

-  -gr  IT' 

27-0 

a  ?d  44 

—  n  71  «« 

c  '  T$ — jT  16 


iWffl/*kYY  W  TShTdry,  wdi>*  gpainet.  **Nt- 


SANDT  5ft.T:  B»CW.  MOIST.  C-*CSfV€.  *!*«  6«IVFT  5' 


SANT  Gray ,  moist,  nwcofsive  .  medij*  grained 


SANDY  CLAY:  0RO*r-3RSY.  MOIST.  Ct»*StVE. 
rl*Y:  t>A*  BROW- 
SA'C  Bronn- 


SANDY  CL»y.  %KWN 
a*Y  RPOWGREY. 

'  ft  flu tStSkST  '  * 


SANDY  rL*Y-  Tl*  WOW ■  *R0|*>T.  SlIGMTL»  PLASTIC 

sufr  sw);  1mw7  wist,  si ?5Ktt7' cSRpT 

CLAY.  Brcw.  MOIST,  «*€S1VE.  SLIGHTLY  PLASTIC 

<TtT~ 


.  wist,  cowsive.  slightly  ivastic- 


*UL_ 


V  75  *  ion  Yf 


'IL™  <W:  5*fy  WM.  «T,  FMWS1CR 


214. 
234. 
SLQ _ 


— H/5  T«  H  T 

'IB - W  7T  W  ' 


3" 


TIT  llWOWWfY,  WIST,  axsivt,  >s.ASTtC- 


y  A I  lie  engineering  pays 


TH  83 -1802 


TH83-I80I 


DEPTH 

L06 

RC 

li 

PI 

-9 

-200 

N 

DESCRIPTl(W 

91 

2 

w> 

90 

17 

SILTY  SAND:  6l*EV.  DRY,  SOC  ORGANIC  MlBItft..  G«WEL  TO 

3  INCHES.  COWSE  GRAINED  SAN). 

2-5 

SC 

9 

28 

9 

100 

42 

18 

XI 

CLAYEY  SAND:  BpOW,  HOIST,  NCN  COCSIYt,  FIN  GRAINED 

SAND- 

IS 

15“ 

100 

“IT 

6.0 

SANDY  SILT:  BROW,  WIST,  COHESIVE- 

m 

29 

63 

13 

100 

89 

10.0 

12-0 

H/CL 

20 

25 

5 

100 

72 

SANDY  S1LT/SW0Y  aAY;  BROW,  HOIST,  NQN-COfCSIVE. 

13.0 

— (T~ 

TT~ 

~rr 

ir 

100 

57“ 

SNBY  CLAY:  BROW.  HOIST,  SLIGHTLY  COCSIVE- 

SR 

23 

HP 

100 

29 

SILTY  SARD:  BROWGREV.  hoist.  KW-COCSIVE. 

15 -Q 

51 

33 

ft 

100 

62 

SANDY  SILT:  Brow.  wist,  cocsrvt- 

26 

33 

8 

100 

52 

SAIt:  Brow-grey. 

It 

53 

33 

3 

100 

52 

SAME:  <*er. 

z?-g 

29 

39 

11 

100 

96 

SILT:  BROW-GRFY. 

TH 83- 1804 

THB5-1809 

ST  A  SU«90 

FL-  UK 

DEPTH 

L« 

if 

11 

°I 

-4 

-2® 

9 

Description 

1-C.- 

_SC  . 

3 

J? 

IQ 

99 

JSL 

CUYfy  sAjpv  Light  srowTswp.  fi*c  grained  sand-  Soots 

13 

41 

21 

too 

65 

18 

SANDY  CLAY;  Brow,  hoist,  slwniV  coc^r/e,  fine  grained- 

CL 

7T“ 

ur 

l> 

n»~ 

}> 

SAIt:  riARt  BOOM  WD  LIGHT  BROW  LP*S- 

!? 

52 

<s 

25 

100 

90 

SILT  Brow.  WIST,  SLlWTLr  COCSIVE. 

15. 

~r 

"imr- 

-jn 

SNDY  SILT:  I.GT  fcW.  HOIST.  FINE  GRAINED  $»,  SLIGHTLY  COM. 

1 

19 

*r 

100 

70 

SAIf.  3ROW. 

"75 

IT 

IW 

;u 

SANDY  CL^Y:  BROW-GREY,  COCSIVE,  CIHE  GRAINED  SAfC- 

SILTY  SAND;  Brow.  hoist,  mon-cocsive- 

LH. 5 

91 

is 

V 

100 

w 

16 

5? 

30 

M 

too 

83 

5 ARTY  T.AY;  Hw,  HOIST,  COCSIVE- 

Si* 

'S 

<4 

ho 

V 

TfLTV  SARD:  SRFV,  *C r .  COHESIVE. 

Z3JL_ 


y.  SLIGHTLY  COHESIVE- 


SCALE  I  1H»  SFT 


NOTES 


SEE  PLATE  18  FOP  LOCATION  OF  TEST  HOLES  AND  TEST 
TRENCHES 

SEE  PLATE  |A  FOR  LEOENO  ANO  CLASSIFICATION  SYSTEM 

SEE  TABLE  6  FOR  DATE  DRILLED  0«  EXCAVATED  ANO 
TYPE  Of  EQUIPMENT  USED 

ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 
THE  lCVCC  CREST  UNLESS  OTHERWISE  NOTED  AS ’INVERT' 


REVISIONS 

U.  S.  ARMY  ENOINCBI  WST11CT 

IOS  ANGELES 

CORPS  Of  ENGINEERS 

DRAWN  *T, 

ONORB  •», 

SAHTA  AHA  AlVCfl  MAWSTQA,  CAUPQPNIA 

PHASE  n  0EJCRAL  DESK3N  ACMOPANOUW 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGINEERS 

STA.574+00  TO  STA.553+00 

ft/ALUE  ENGINEERING  PAYS 


TH83-  1806 


P  ST*  5A(W»  * 

a-  198* 

fc  u 

PI 

-4 

-2X 

<t  9C SCRIPT]  CM 

V 

SILTY  $NO:  LIGHT  WON .  MOIST,  NOR-COfiSIVE. 

f 

■*> 

98 

14 

58 

1  « 

14 

IX 

69 

U  'MD>  61.’  Brcmi.  wist,  slightly  axes tve- 

L 

“95” 

“TT 

SI. TV  LIGHT  WOW.  HOIST,  NOM-aXCSIVt- 

1 * 

16 

IX 

78 

8 

ypi»  't*¥  3«OM*-9irtr,  wist.  oxtsive. 

~9~ 

9T“ 

17 

51  <T!.TV  “^ROW.  c  TNF  GRAINED  SMC- 

w 

70 

saWi  a /IT*  fiP*wuV  5W;  OStt  won,  crvwsc 

f  “0 

n 

IX 

61 

SNCY  a*Y  WOW.  ■CIST.  SLIGHTLY  CCMESIVE  TO  NON- 

CtXEStVE- 

9 

“IT 

1 

~w~ 

m 

cohesive- 

|  <  »  12  IX  8?  r,»v  9a*  won.  •cist.  coesiv*. 

1  “ 

12 

IX 

86 

5ltTV  ’>*»  wow.  ■CIST.  ctxesivE. 

§•-- JttL. 

JflL_ 

77 

54C’  CL*’  ’■n*  brow-grey,  *cist.  coesivE- 

12 

W  l«  *9 


*  190  H 

I  - - 

■'  **  21  :x  ?9 


«»2  r,  no  's 


i**"  9»0«rS»EV.  <«T,  Si. IGHTLY  COC"  IVf - 


'w  w>w,  oxsive. 


-***  r^|Y  9aw  WFr-MOM.  •*!.  CtXSIVE.  PLASTIC- 


TH83-18I  \ 


THBJ-1811  ST*  555*00  L  El-  102* 


DEPTH 

LOG 

"C 

LL 

PI 

-4 

-200 

% 

Dt  SCR!PTI  CM 

i.a 

sn 

too 

26 

SILTY  SARD:  BROW,  MOIST,  NOR-OCSIVE.  MED  KM  GRAINED 

6 

NP 

100 

10 

16 

SAND/SILTY  SAND:  Obey,  moist,  meduh  grained  saw,  non- 

C0MES1VE- 

4-Q ... 

4 

90 

J 

24 

SAN": 

GRAY,  MOIST,  COARSE  GRAINED  SAND. 

5° 

18 

SAf : 

SR*EL  1/2  INC>€S  OIAH-TER. 

4 

100 

4 

10. D 

19 

*8 

22 

100 

84 

29 

SVIDV  a*Y:  3»OW,  MOIST,  SLIGHTLY  COeSTVg. 

p 

12 

SANE: 

GREY-BROW.  COHESIVE- 

J Uid 

__ 

25 

SAME: 

Saw  brow- 

G. 

2L. 

13 

S« 

Rrow- 

x 

52 

100 

55 

5? 

42 

19 

too 

30 

utr 

Iapf  brow.  «rt- 

J? 

54 

12 

190 

88 

a*Y. 

Daw  grey,  <*r.  coesivE- 

a -a 

55 

*9 

12 

too 

83 

10 

SCALE.  MN-SFT 


I — |  | — 1  \—il 


NOTES 

1  SEE  PLATE  18  FOR  LOCATION  OF  TEST  MOLES  AND  T£$t 
TRENCHES 

2  SEE  PLATE  SA  FOR  lEOENO  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  «  FOB  DATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TRENOC3  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  ‘ INVERT* 
IN  THE  CHANNEL  ANO  'EXISTING  QROUNO'  ON  SACK  SIOC  OF 
LEVEE 


U.  S.  AJtMY  ENGMtBI  DISTRICT 
LOS  ANOCUS 
CORPS  OP  ENORWWS 


SANTA  ANA  RIVER  MAWSTEM.  CALIFORNIA 
PHASES  GENERAL  DESIGN  MEMORANDUM 


LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGWEERS 


STA.548+50  TO  STA.535+00 


me  NO.  BNCWOt- . 


DttTNCT  IU  HO. 


1 


VALUE  ENGINEERING 


TH83- IB08 


THB5-1906  STA  53MD  «  EL-  105i 


DEPTH  L06MCU.Pl 

-A 

-200  «  Description 

3 

96 

SARD:  TAN.  Dor  TO  moist,  MEDIlX  braixd  saw,  now- 
A  18  COHESIVE- 

H 

3 

98 

4 

5 

SANE:  Moist. 

?.s 

'  S' 

II! 

•  1  9B 

35 

■  iiAib  i  ■  m  w  m\\  ■  n  ■' 

* 

a 

99 

4 

7 

SATO:  Tan,  moist,  fix  to  xd.  GRAINED  SAW.  NOWCOCSIVE. 

UL. 

10.5 

SC 

20 

46 

25 

100 

50 

17 

cum  SAWD:  0/w*  BRWN,  moist,  fib*. 

S* 

5 

V 

190 

19 

SILTY  SA49:  Grey,  moist,  s.iam.v  coxsive. 

13.0 

14-(1 

0_ 

-14 

_3L_ 

-  15_ 

100 

S3 

10 

16 -S  , 

SM/SC 

-ft- 

D 

100 

4? 

9 

SILTY  SANM/CLAVEY  SARD;  riAftc  brcnn.  moist,  sew  ctrcsiom 

flRCNM,  NET. 

25 

“1 

24 

100 

91 

SANDY  CL  A*:  Uro*.  «CT,  PLASTIC  ORGANIC  MATERIAL- 

JX 

T 

11 

SAf?:  GnCV'IMK  BRO«N. 

25 

&a_. 

9 

SAWnv  SILT  9ftOXf-GREY.  XT,  PLASTIC. 

1 

23 

55 

4 

100 

56 

9 

TH83-I809 


STA  52«h5o  R  EL-  I03t 


DEPTH 

LOG 

NC 

LL 

PI 

-4 

-200 

N 

Description 

c 

If 

95 

23 

38 

SILTY  SAW:  9RCNN,  MOIST.  COBBLES  T 

~W 

"TUT" 

25~ 

13 

SAf€:  Fix  GRAINED  SAND- 

it 

“TO 

8 

NP 

100 

26 

SAW;  llWT  BR»«. 

A0_ 

~ 

NP 

9 

32 

48 

19 

100 

72 

SANDY  SILT:  Dark  brox,  moist,  cnx 

H- 

SC 

-12. 

17 

26 

3 

100 

40 

10 

CLAYEY  SARD:  OaJK  BROW,  WIST,  cw 

ILQ— 

~mr 

-s- 

~¥~ 

-UK- 

=SF 

9 

ISfilT  brcxn. 

ti/a 

28 

v 

6 

110 

79 

SANDY  SILT /SANDY  CLAY;  Daw  grey,  - 

26 

52 

15 

>nc 

73 

8 

SAWY  aAv:  4ROW.  XT.  SL  FOfT.v  «\ 

r 

45 

25 

100 

72 

8 

SA IT..  GRFY .  xr,  PLASTIC. 

a 

V. 

13 

14  ion 


s? 


UNPY  a*»:  Au*-OW,  XT.  PLASTIC- 

flCrr  *-,««*  :'xf.  oUstic. 


5? 


LUE  ENGINEERING  PAYS 


TH83-18IQ 


P[  -u  -200  * 


S1lT>  ’SO*.  HOIST,  CTMLES  TO  4  INOCS- 


SWf  ri*  '**:net  s«c- 


THBJ-L810  ST*  522+SO  L 

^TH  106  *  Li  p,  ^  ,2on  N 


SILTV  SWTO:  Aft®*,  SLIGHTLY  HOIST. 

t-,SHT  WO*.  NWCOeiOM. 
s*lt:  HftWEN  A/C  tte>  CONCRETE,  HOIST. 


up  vy  SIlT*  "x*  Mrwi.  .HOIST.  VT*.  corfc 

SWOT  •‘J.l  ":«*  BPO*.  RMST.  COHESION- 


S*»t:  kftWEL  to  2  INCHES- 


d  29  58  ?<j 


l®  86  0-Ay:  D-V*  BPONN-S) 


BPOWSPEY.  HOIST.  COHESIVE- 


•'**'*  "W  BfiCS*.  HOIST.  CO«S;*€- 


20  W1 2 * * 5  100  si  SAmY  *'ILT:  D**  Gflrv-  ^ST.  c 


Wr*  tlnTT.  ;B£v-ya| 

ft *  ?,.yr  ^  ivrT  Tflp. 


W«  Be***.  HFT.  COMESIve. 


u;  '?  SAT*  ’  :A.YT»  •.!>  'aw  GPEY.  «<T,  "LASTIC 


->*'r’  =»•■»#<.  hCV  SLlW-^y  olASTIC. 


»  «  *  -.33  tj 


31  IX  73 


f’f  «*  o*»e> .  >*•  mastic. 


r-  *  •’<  :x  's 


S»DT  a  *»  o»AV.  , 


1  SEE  PLATE  ifl  fOR  LOCATION  OF  TEST  HOLES  ANC  rEST 
TRENCHES 

2  SEE  PLATE  BA  FOR  LEGENO  AnO  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  S  FOB  DATE  DRILLED  O*  EXCAVATED  ANO 
TYRE  Of  EQUIPMENT  USED 

♦  ALL  TEST  HOLES  ANO  TRENOCS  WERE  SET  UP  CN 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'iNvERT* 
IN  THE  CHANNEL  ANO ‘EXISTING  GROUNO'  ON  SAC*  SlDE  Of 
LEVEE 


U.  S.  ARMY  ENGHH*  OttTHC! 
LOS  AMOVES 

_  00* FS  Of  ENGINEERS 

SANTA  ANA  RIVER  MAINSTEM.  CALIFORNIA 
PHASE  H  GENERAL  OESKJN  MEMORANDUM 

LOGS  OP  INVESTIGATIONS 
CORPS  OF  ENGINEERS 


STA.531+00  TO  STA.522+00 


*v. 


me  NO  DACW09- _ 


Nwrr 


/AIDE  ENGINEERING  PAYS 


■  4-s  a0**1  -iJisr.  W€  m  4P)f:fl  STAINED 

‘iS^uc.  asAfi*.  m  i/jLiactf&i _ _ _ _ 

yr  -  •-  vr  «fsr.  .’cf 


»5 

l  c 


*  .  • :  :M;  ^Fr*T’jn  drained  -.Ann. 

<**?+-  _Y_XPi\_,  M«!  T/»  _ 

^jjr  °(>^»-',pf.-*,-ir  *«nssr.  NEDt<N  to  CMKSf  '‘.RAINED 

J."4"''  K,H*  ******  ^isr.  wwcociiv?,  gr^el. 


if:  *4 


**  '-to**  H3|  ',T.  iO*  CT^SIJW.  COBBLES  1-4*. 

”’4*  ao.M  :»«sjvs. 


TH  83  -1902 

THB3-19IB  $TA  508*60  i 


DEPTH  106  PC 

u 

PI 

-9 

-200 

N 

Description 

SV/SK  X 

.  y. 

91 

|? 

SAWI/SfLTY  SAW;  LIGHT  BROW.  HOIST,  wcrt-CO«srvE.  sc»t 

3p  ? 

NP 

96 

7 

SW:  Hediih  GRAINED  $P«,  GRjVEL  TO  1  INCH. 

JLfl — 

5 r 

Sffl&r  SlLi;  nm.  bronn,  foist.  m  cofcsive. 

•9 

NP 

96 

37 

7 

SILTY  SABD;  9ro<n,  HOIST.  F|IW  GRAINED  SPffi. 

>•* 

NP 

99 

19 

8 

SAJf Light  »«>*>- g»ey.  not-cocsive. 

lax _ 

So,'* 

V 

99 

? 

SAND/'S  ILTY  $ANP;  Light  brown-grey,  non-co»€sive. 

~Oi— 

10 

iU  ^  15 

NP 

99 

12 

SlLi — UNlLBBQBi.  HOIST .  COHESIVE. _ _ 

SAND/SILTY  SA«D:  9mmn.  NET.  SfH  CThesiO- 

iu—r  T\ 

TNI 

39  ' 

CDTt’lTNPirTNBC  GREY  BRM4,  NET.  CT>t?IVt- 

MLlii  *  18 

ia-s  . 

100 

32 

11 

SlLTY  SAXO:  Pai*  BRONN.  NET.  COKMVE- 

jn 

¥> 

130 

76 

SAPPY  SILT  Dromn.  net.  rotcsivE.  plastic- 

11  » 

■P1 

103 

76 

UJL~.  .. 

3 

t  sc 

55 

i* 

130 

75 

SAPPY  O.AY;  1»a**-RiiST,  NET.  COESIVE.  PLASTIC. 

2ka _ _ 

j 

r* 

* 

IP 

no 

76 

SAPPY  SI'.t.  3ro*»-«ost.  »cr.  co«siye.  puwtiC- 

34 

■53-0 

NO 

100 

76 

INVERT 

rr^i 

SM  <497*53  C 

TT79 

zZl 

a-  82i 

9EP7*  cOT,  PC 

U. 

-4 

•233 

N 

Descriotiw 

LO _ 

_ 

51 

r 

"tyi WELLy  sWIT  g«ev,  vegctatix.  to?j.  ?rounc- 

BAIEE^lCftMaE:- 

SCALE  I  IN«SFT 


trrl  _hr-|  HI 


.**'*  ■«* 


'«*  v'-»*. .  *-%i -r 


•»  in  a 

'Tmjtr'  •  7T 


rW  -.»■ '  -voy  I**,  <T  CO*,|Vf. 

^ ■^;-5frTc5«ivr" 


NOTES 

I  SEE  PLATE  «9  POP  LOCATION  OP  TEST  rtOi.ES  ANO  TEST 
TPCNCHCS 

Z  SEE  PLATE  «*  POP  LEGENO  ANO  CLASSIFICATION  SYSTEM 

5  SEE  TABLE  «  POP  DATE  OPILLED  OP  EKCAVATEO  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TPENCHES  WIPE  SET  UP  ON 

THE  LEVEE  CPEST  UNLESS  OTHERWISE  NOTEO  AS  ' INVENT “ 
IN  THE  CHANNEL  ANO 'EXISTING  9POUNO*  ON  BACK  HOC  OP 
- - LI»l_ _ _ _ 


'  IVMOI 

BNCPPnOMI 

aah 

tfHOVM 

MV1SIONS  | 

U.  S.  AAMt  CMGINCI*  OttTtlO 

IOS  ANOftlS 

COBPS  OP  enopyews 

«o»*nbit. 

SA«™  AN*  »  /£*  MAWSTEM,  CAUTOWIA 

PHASED  (XNfcR At.  0€SKJN  l«MORAM>UM 

LOGS  OF  INVESTK5ATIONS 

CORPS  OF  ENGINEERS 

STAS  16+00  TO  STA  *85+00 

CCAWN  fti 

OWN*  BA 

INVERT 


ALUE  ENGINEERING  FAYS 


TH84  - 1905 


THB *4-1905  STA  97*03  ft 


TT84-I982 


DEPTH  LOG  NC  LL  P|  -9  -200  N 


$P/$A  9  t*>  96  6 


SAKD/SlLTY  SARD:  Brow,  HOIST.  LOOSE,  FINE  GRAINED  S*C, 
SOME  GRAVEL- 


»  6  HP  98  21  JO 


SILTY  SAND:  "no*,  hoist.  *ine  grained  sand,  sot  gravel- 


SW'1*  qtT:  n*»f  B«»*.  HOIST.  COHESIVE. 


1AV  "*».  bronh.  HOIST.  OCSIve.  OBGA4IC  HATER] A. - 


SWIAlLTY  $AWV  Light  BROW,  HOIST.  FINE  GRAKCD  SAt®. 
V  SO«  GRA/EL  • 


5° /SR  S  ■*>  99  5 


SILTY  SANH:  rUKM4.  HOIST-^T.  COHESIVE.  RJNE  GRAINED  SAC- 


!.  v  5  w  n  u  IS®  **"•  ■0''iT"€,•  C^"VE'  !n"'  F™ 


)»  «?  >  <n  n  i« 


*•  S  «  7J  7 


1  SEE  ELATE  19  FOB  LOCATION  OF  TEST  HOLES  AND  test 
TNENCHE9 

2  SEE  ELATE  SA  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

i  see  table  e  foe  date  drilled  or  excavated  and 

TYRE  OF  EOUIRMENT  USED 

4  ALL  TEST  HOLES  ANO  TRERC>*S  WERE  SET  UR  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS ’INVERT- 
IN  THE  CHANNEL  ANO ’EXISTINO  OROUNO’  ON  BACK  SIDE  OF 
LEVEE 


U.  S.  AJtMT  ENQMCBt  MSTtICT 
LOS  ANOaU 

_ poops  of  ENONtas 

SANTA  ANA  RIVER  MAtNSTEM, CALIFORNIA 
PHASE  S  GENERAL  OCSKiN  KCMORANOUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 


STA.477+00  TO  STA-74+00 


THflS-1906 


D€PTH  LOG  NC  U.  M  -2® 

“ — — §i  r  #12  V 


DESCRIPTION 

mm  MIST,  FI t£  TO  WDU*  SRAlfCD 


Light  brn.  hoist,  fine  to  wd-  graded  sand- 


6  IP  100  M 

Sfl  - _ 

II  23  1  100  40 

H  16  29  1  l®  61 


SVf .  Daw  bronn,  hoist,  fi«  grai*d  sam>- 

SANDY  SILT:  Da*  bro*.  hoist,  fine  graiwd  sam).  (Glass 

imspiL - 1— - 

SILTY  SAND:  Soom-GREY,  HOIST,  Flic  TO  WD-,  CHAINED  SAM)- 


SAND:  6REY-LIOET  BRONN,  DAW,  WDIlfl  WAINED  SAM)  CRAWL 
TO  3/4  IHQCS- - - - 

SAND/SILTY  SAND:  6*Tf  LIGHT  BRONN,  DAW.  *CDIl*  GRA1MD 
SAND.  GRAVEL  TO  3/4  1M3CS-  - - 

SAND:  GREY-Ll9fT  BRCMN,  DAW.  HEDILH  GRAINED  SAM),  GRAWL 
3A4  IHQgS. - - - 

SANDY  WAVTL:  Grey-lKWT  BRO*.  DAW.  WDII*  GRA1WD  SAM), 
GRAVEL  TO  IHQCS- - - - 

SAND/SILTY  SAND:  fiREV-DMN  BRONN.  HOIST,  WOH*  9AAINED 
S M-_ - - - 

SILTY  SAND;  t,  I<XT  BRN.  HOIST.  FINE  TO  WDllR  «AI«CD  SAM)- 


SAND:  GREY-  DAW.  WD11R  GRADCD  SAM)- 

SllTY  SANft/CLAYtY  SAND:  Bust- worn,  net  ccMESive,  hed i uh 


SANDY  SILT: 

Daw  brohn- grey.  «€t.  cocsivt 

SANDY  a 

8ROHN-GREY.  *CT,  C«€SIW 

TH83-I908 

T^T-iyyf 

sn  Rfrvoc  •. 

PL-  87* 

Df.n  n 

•C  0. 

PI 

.« 

-2T 

n 

Description 

4 

y 

91 

7 

“UwvsIlTV  Saw-  Rron.  hoist,  c to  wdii*  graiwd 

SAM.  COBH.es  TO  6  INCWS- 

'v/y 

J _ 

X- 

1 

_ 

<*  3 

S*ft  U»T  SROM.  HEOI-fA  TO  COARSE  GRAINED  SAND,  GRAVEL 

1  INO«$- 

XI _ 

31 

T 

6 

NP 

D9 

7 

18 

SAl*:  9RO#*-GREY.  HOIST,  HEDI’#*  TO  =I*<  GRAINED  SAM) 

t 

2*  30 

A 

IX 

6R 

SANfr  SlLl  8RCHN.  HOIST,  ejNE  GRAINED  SAND- 

16 

IP 

i® 

13 

3 

SI'.TY  SAND  8RWGREY.  HOIST.  FINE  TO  WDlifl  GRAINED  SAM) 

V 

1 

NP 

l* 

18 

SA/f  U»T  BPCHN. 

NO 

l® 

18 

ID 

IP 

100 

11 

SARD/SILTY  SAN'1-  Light  bro»a-lI»<t  grey,  mist.  WDilH 
GRAINED  SAM). 

SP/SH 

IP 

IT 

S 

12 

SAAf  Tri  A»  TO  CCHRSr  GRAINED  SAN T- 

1° 

IT 

6 

83 

A 

10 

WAVfLLT  SAND-  L lorr  bm.  mist,  coarse  ORAimi)  SAM). 

BRAWL  TO  1  INCH. 

S» 

23 

V 

130 

18 

9 

SlL'Y  SAND-  nW.  BROHi,  NET ,  SL IftATL*  COHESIVE- 

L>  J_._  ~ 

14  44 

n 

IT 

80 

SAIWY  CLAY:  l.|®fT  9TOAY-0RFY.  *T.  CWESIVE- 

33  38 

12 

IT 

80 

5 

SANDY  SILT  LWT  BPONM-OREY.  Ht,  CTWESIVE- 

31  29 

i 

IT 

S3 

3ANC:  SREY.  MT.  SLI»m.»  a*«SlvE- 

28 

A 

SAJf:  D»m  (po*,.  *t,  COHESIVE- 

VALUE  ENGINEERING 

TH83- 1907- 


ItPTH  UK  «  u.  n 


■J - S-$ — 8- 


»  100  33 

*>  <D  99 


*  ion  l? 

Np  100  5 

1°  100  2 

V>  92  S 

92  3 

100  4 

»  94  6 

HP  »  8 


EL-  89* 

Descwnnai 


SIlTY  SWT  Light  biom.  hoist,  f 
SM),  6RVEL  TO  2’ 1/2  (NQCS- 


SWt:  COBBLES  TO  6  INOCS- 


SAWD:  8rom*-light  grey.  wist,  he 
SILTY  SAND:  DAMC  BRH- grey- rust.  * 
SAff:  SAM)  LEMS,  ORGANIC  HATBII  Al 


m  I«D!IM  GRAINED  SAMI. 

SAIC:  8REY.  HOIST,  HEDUAA  GRAINET 

svt :  Sere  organic  hater  ial.  saw 

SAIt:  PW  GR/VEL  TO  3/S  INOCS- 


SAND/SILTY  SAND:  f>REv,  HOIST.  -ED 
SAff:  D«*  GREV.  COARSE  '.RAINED  • 
SAND:  Dm  GREY.  HOIST,  COARSE  '.RA 


58M/EL  TO  3/8  INCHES- 

SAND:  Dark  srfy,  net.  coarse  »a 

SANDY  Cl»v:  8»OMl.  HjT,  COWSIW 


SANDY  C_AV :  3rom.  net.  rowstvfc 
CLAY  '■•REY-BBO*!.  <r  CTWStW  - 


TT  79-19 


INVERT 

TT79-13 


106 

~9T 


tor .  misT,  v8xtat<cn7 ocxAvoi*.  OT*a"ro  3/a*, 
SffUUKATER  OSa/llEfiS?: _ _ _ _ _ _  _ 


1  SEE  PLATE  19  FOR  LOCATION  OF  TEST  MOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  BA  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  OATE  ORlLLEO  OR  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  U$E0 

4  AIL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  "INVERT" 
M  THE  CHANNEL  AND  "EXISTING  GROUND"  ON  BACH  SIDE  Uf 
LEVEE 


SCALE  I  IN*  SET 


U.  S.  ARMY  (NGMB  OttTllCT 
IOS  ANOEUS 
CORPS  OP  ENGMMS 


SANTA  ANA  RIVER  MAINSTEM, CALIFORNIA 
PHASE  B  GENERAL  DESIGN  MEMORANDUM 


LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 

STA.474^00  TO  STA.458+00 


l  wic  NO.  oacwjn- _ »• _ 


V  A  III  c  ENGINEERING  pays 


££_! Iris 


wo  -  drill  QflTC.V  tl/7j  DoniHG  No  11  STATION ?18  *  61 _ 

DRIVING  WEIGHT  SURFACE  ELEVATION, _ 2> _ 

m-pmno  i  ui  l ,  r  — 


WO  7i-\u  nB.  ,  n&TF  BORING  No.  _  STATION 

0RIV1NG  wrif.MT  SOO  18  it  .  SURFACE  ELEVATION - 'll - - - 


MO  jjniLL  O&TE  3/1  ?/Tl 


US*00  3sS#i  s  „rf  . |.g|oo  “  si  II 

Ss  Sis  J  Jill  si  |  g  |j  “scwn«»  ||s;|i) 


I  :  i  J 

!  !  |  . 

|  1 

::  te  1.1 


E  IT! 


L 

I3 

ii 

3 

oo 

S  2 

o  ° 

SH 

" 

st 

IS 

© 

1  J4.0 

! 

’ 

:  j 

IS 

CM 

9t.:| 

Roi-ry  wi»!i  borinu;  A  lot 

DESCRIPTION 


-If0  km\ 

^  ^  I  ^  “  t:  x:<  s: 

.  w  8  >-  u  k  O  :  -  C . 


|S,SN  «  >  |S"L 


SASH:  ST:  can  to  fr*/.  wsdlin*  grained. 


■|-J  j  KATVVi  Sil.TV  SAT*:  S  ':  tan  1 

I  if 


LJ  -  -  il  l 

j  sMijf 


T'T'T  H 


j  Lfcjar^-rrr: 


Mi!:'! 


•HI  rr:  "  '  ' 


-JjM-i.': 
j  n  ;  - j 

■  1 1  1  . :  J 


L  LI  i  Lj 
p  TIT; i 


^  Lair-: 


LOG  OF  BORIHG  5 


GC  71-35 

STATION 


DATE  or  BORING  2A  H.v  1-73  WATER  DEPTH  DATE  MEASURED  _T-*__*2_L1LL 

TYPE  OF  DRILL  Pig  Cewt  -in’-;  Auger _ MOLE  D.AWTEW  V 

WE'GHT  OF  MAMV»gW  1AT  lT».  F-LL<N6  ?-r  SAMPLES  T  ’  t  f  C «’ A  !rr- ;  , 


WO  I  • , 

P.A.f.b  V. 


,s.  | 

81  l|  h 

St  !|  i 


frin«  to  coat**- grained 
T  Loot*  to  »edlun  dona* 


pladlue  Arose,  e*T7  flea-grained  SA)C 


1  r.i;,. 


I  (Tp 


f  Fin*  to  coarae-gralaed 


|  I  I 

Mil 


!  i  M 

i  i 

Ml] 


lottos  of  bating  at  15%  ft. 


U.  S.  AKMY  CNOMm  OttTWCT 
LOS  ANGftfS 

CO*W  OF  ENClNmS _ 


SANTA  ANA  RIVER  MAlNSTEM.  CALIFORNIA 
PHASED  GENERAL  DESIGN  MEMORANDUM 


NOTES 

I  SEE  PLATE  19  FOB  TEST  SITE  LOCATIONS 


LOGS  OF  INVESTIGATION 
BY  OTHERS 


SEE  TABLES  A  AND  5  FOB  LIST  OF  BEPOBTS 
FBOM  WHICH  THESE  LOOS  WEBE  TAKEN  ALL  LEGENDS 
AND  EXPLANATIONS  ABE  CONTAINED  WITHIN  THE  BEPOBTS 


STA.520+00  TO  STA  455+00 


LOOS  BT  OTHEBS  ABE  ONLT  TO  BE  USED  To 


5 mom  »»  «»»  —  *■--- 


I 


ELEVATION  FEET 


DEPTH  106  AC  LL  PI 


TH  83~ 2001 


5  n  i  99 

22  23  S  190 


26 

29 

» 

98 

62 

27 

29 

4 

IOC 

57 

X 

56 

19 

100 

80 

V 

Tfl 

1/ 

99 

28 

sn 

SR 

H 

IX 

7T 

Description 

kmT  hoist,  Sron*  to  fine  mains' 


S/WO/SfLTY  SAM:  WIST,  CORPSE  GRAINED  SANT. 

aaiWEL  to  3/8  i  Nogs- _ _ _ 

SWD;  BRONN,  WIST.  COARSE  GRAINED  SAND- 
S**0/$11TY  SW*T>:  BRWN.  MOIST,  COARSE  GRAINED  SA»*>, 


S*f :  V*T,  G»MEL  TD  1-1/?  JNC>*S. 

.W:  Rro»*,  GRAVEL  TO  T/S  1NC>€S- 

SIL^  SAID:  3*0*.  *T,  CQMSF  GRAINED  S*C- 

SWDY  SILT/  SAW*  CL**:  9**  GREY.  -«T.  CTMSIVE. 
SANDY  CUV  Da tm  GREY.  «€T.  COCSIVE- 


VALUE  ENGINEERING 

TH  63  -  2002 


DEPTH  L06  HC  LL  PI  -200  * 


a-  sn 

flESCRIPTICN 


1Q_  f>  103  35  SILTY  SAND:  3*0*  MOIST.  nqn-CO*€SIVE 


16 

*> 

IX 

57 

IT 

20 

IX 

49 

11 

*P 

100 

23 

12 

9  29 

3 

100 

59 

2 

IX 

2 

4 

IT 

:w 

8 

■#>  37  10  SAff :  LIGHT  BRON-GRT*- 


TH  83-2003 


DEPT-  LOG  NT  LL  °1 


Description 

Fight  morn,  wist,  pine  to  acoii*  grained 


Zr_‘“3ClF5:~ 

WK  9 

J:C _ 


9  ?5 

6 

m 

*; 

? 

*> 

IX 

75 

1 

9P 

98 

7 

1 

9P 

IP 

8 

J 

9P 

* 

7 

6 

NP 

98 

5 

5 

NP 

IX 

8 

3 

¥> 

IX 

1* 

1? 

*> 

IX 

15 

a - s-m — it- 

S*W:  Light  brom.  moist.  M-ntx  to  otmsf  grained  sand. 


Sit W  SANO/a»YfY  SAND:  ISMT  BROM,  MOIST,  «INE  WUnf* 

_  SM- _ 

26  15  SlLTT  SAN",  light  bRO*.  moist,  fine  grained  Sami- 

7  SANO/SflTY  SAW):  light  broan.  MOIST.  fine  GRAIN'D  swc 

3  $*  E  Grey,  moist. 

7  5VE  Darn  grey. 

5  S*ft:  SRT* .  FINE  TO  *01  Ml  GRAINED  SAM)- 

ft 

1*  SILTY  $*W:  Grey,  wist,  pine  to  METHi*  GRAINED  SAMI- 

15  SAf  ’IMP  GREY- 


* 

6 

55  28 

IX 

95 

78 

S* 

NP 

IX 

49 

ha a_. 

25 

X 

IX 

55 

Q.RY  D,*,  GREY,  NET,  CI>€StVE  M.ASTIC.  SCTT- 

SftTT  SAM:  Irm  grey,  t^r,  gott- 

SA»t-  p|«  GRAI«D  SAM). 

5JTT  !i**  GREY,  NET.  FINE  GRAINED  SAM>.“ 


DEPT- 

LX 

MC  .  s‘ 

JA- 

SN/SN 

T 

'i  .-••*  c 

a'  -4  -20P  N 


ET.  fiw  ID  MB-  cmim  30. 


TH  63- 2004 


THB3-2004  $TA  1?0*QO  R  d..  75t 


DEPTH 

L06 

RC 

LL 

pl 

-4 

-200 

4 

Description 

1-0 

sw/stf” 

k 

NP 

98 

“IT- 

38 

SARD/S 11TY  SARD:  8rqM4.  HOIST,  FINE  TO  HEDIlM  GRAINED 

4 

NP 

94 

13 

SILTY  SARD;  4RQNN.  HOIST.  HEDIlH  GRAINED  SAND- 

H 

T" 

TT 

SM 

5 

21 

l 

81 

15 

40 

SILTY  GRAVELLY  SAHD-  GratEl  to  1  inch- 

6-0 

6 

NP 

94 

14 

SILTY  SAND:  D«K  Brcmn- 

7-S 

SP/SR 

7 

4P 

37 

6 

41 

SAND/SILTY  SARD:  Brwn-ghey,  hoist,  icdkm  to  COARSE 

SP 

5 

94 

3 

SARD:  6 RET.  HOIST.  COARSE  GRAINED  SAND,  GR/VEL  TO  3/8'- 

13-0 

*“ 

j.. 

SR 

“IT" 

TT* 

1 

28 

SILTY  SARD:  llANC  ARCMN,  HOIST.  FINE  GRAINED  SAM)- 

12JL.. 

15 

~7T 

- 

liMJ 

SP 

J 

97 

4 

14 

SARD:  Grey,  hoist,  ieduii  to  coarse  grained  sat®- 

15-0 

<i 

97 

3 

15-5 

SR 

20 

#> 

99 

14 

10 

SILT'  SARD;  4RO>#*-GREV,  HOIST.  NOH-COCSIVE.  FI«E  TO 
HEDILH  GRAINED  SAM),  LAYERED  SAM)- 

18.0 

SC 

15 

31 

9 

93 

25 

CLAYEY  SARD:  9aI#C  GREY- BROW.  N3IST.  FIM  TO  MDIUN 

GRAINED  SAND- 

$P/SM 

19 

HP 

100 

11 

17 

SAND/SILTY  SARD:  Grey,  net,  ftniLH  g»ai«cd  SAND- 

21 .0 

17 

HP 

100 

9 

H/Cl 

27 

25 

6 

100 

41 

6 

SARD*  SILT/SMDY  f\AY:  Dw»  grey,  net,  cr*€SIVE- 

24-0 

27 

25 

6 

100 

52 

fi-fl 

tL 

"TT“ 

~TT~ 

~ir~ 

lUti 

65 

SAMIY  SILT:  D*|*  GREY,  NET,  COHESIVE- 

zzz 

~~T~- 

ilXL 

13 

27.0 

n 

26 

27 

1 

99 

54 

SANDY  SILT:  4**  Grey,  net.  fine  to  hEDIih  grained  sand. 
HON-COHFSIVE- 

SR 

23 

■p 

190 

24 

18 

SHTV  SAND:  'rev,  >*t,  fine  td  HDI'H  grained  f*fo- 

a 

37 

40 

17 

99 

24 

SARPY  CLAY.  n’KV.  GRCy,  net.  COWSIVE- 

ilJ _ 

J? 

36 

12 

130 

9? 

7 

SA«:  Alack,  net.  cohesive- 

TT  79-  18 

INVERT 

TT79-I3 

STA  4J7*51  C 

a-  551 

DEPTH  LOG  RC 

LL  pl  *4 

-290  4 

IE  SCRIPT!  W 

■§[  5  "57  I  5WJT  >ev.  hoist,  vegftati.w.  TRojKoUTErf'ENcaiTTENEr. 


-Lfl _ 


SCALE  I  won 


SEE  PLATE  20  TOR  LOCATION  Of  TEST  MOLES  A  NO  TEST 
TRENCHES 

SEE  PLATE  8A  FOR  LEOENO  ANO  CLASSIFICATION  SYSTEM 

SEE  TABLE  6  FOR  DATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

ALL  TEST  HOLES  AND  TRENOCS  WERE  SET  UP  ON 
THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS ‘INVERT* 
IN  THE  CHANNEL  ANO ‘EXISTING  GROUND"  ON  BACK  SIDE  OF 
LEVEE 


r 


▼ 


TH63- 2005 


DEPTH  LOG  «C 


LL  PI  T 
- W - 5T 


-200 

n"~ 


5TLTV  S m-. 


1 - 95 - "4 

3.0 

1 

<€>  96 

5 

6.5 

SP/SH 

1 

«*  99 

9 

7.5 

5H 

1 

~sp  rac 

— w 

SP/SN 

2 

NP  100 

5 

9.S 

10-S 

SP 

1 

V 

1 

12.0 

SP/SN 

3 

HP  99 

7 

13.5 

SP 

1 

100 

2 

15 .0 

sp/sn 

22 

HP  100 

8 

~w  no 

m: 

16.5 

t 

28 

"51“ 

ft  99 

5T 

ia-o 

5*291 

11 

©  100 

9 

19.5 

g* 

5 

100 

* 

21 -Q 

SP/SM 

19 

V  100 

S 

22-L 

SP 

11 

100 

J 

24 -Q 

SP/SN 

23 

4P  100 

3 

a. 

18 

54 

15  WO 

65 

Z6J_ 

75 

~rr~ 

~V  TOO 

ur 

28-0 

SH 

23 

*>  100 

15 

T*«J-23» 

STA  4LW0  L 

depth 

L36 

«C 

U. 

P!  •» 

-200 

j.fl 

9 

1 

w 

14 

1&- 

— 5*“ 

IT 

V  '17 

2T 

77 

ST 

“IT 

51  190 

SN 

44 

If  ft 

4 

Jii.. 

to 

*►  99 

33 

44 

* 

T5T- 

xtr: 

Z'3£l 

HE 

«/SN 

« 

HP  » 

9 

44 

3 

©  99 

12 

1 34 

© 

I 

96 

* 

2 

©  99 

9 

5P/SN 

7 

IP  99 

5 

a-a... 

21 

V  95 

5 

SP 

? 

95 

4 

ILL 

~TT 

“  V  'JT- 

y*/SN 

10 

©  99 

6 

23 

©  99 

6 

22L 

20 

©  99 

9 

SN 

2* 

«  ■* 

46 

244 

2T 

1- 

3 

— 

-|-i«  -t- 

SAND:  6REY,  MOIST,  *DIU1  GRAINED  SARD,  SRVEL  3/4*. 


S«:  Hoist. 

SflfV'SAND:  4rEY.  MOIST.  fCDflAt  GftAIMED  S*0~ 


SAND/SILTY  SAW>;  GREY,  MOIST,  NEDIl*  GRAINED  SAND- 


SAND;  finer,  MOIST,  MEDIUM  TO  COARSE  GRAINED  SRC.  SRAEL 

tq  mats- _ 

SAND/SILTY  SAND:  5REY.  MOIST,  MEDll*  GRAINED  S#©. 


SAND:  Grey,  moist,  inim  grained  sami- 


SAND/S ILTY  SAND:  6REY,  MOIST,  MEDIUM  GRAINED  SAND- 

SICT:  Grey,  moist,  medu*  grained  UnT 
SANDY  SILT:  Brohn.  mt.  plastic- 


SAND/SILTY  SAND:  BrONK-RED.  NET,  *€DliT  TO  COARSE  GRAINED 


SAND;  Grev,  *T.  MEDil*  TO  COARSE  GRAINED  SAM). 


S*“flAfLTV  SA4*»  SREV.  >er,  MED  UP"  m  TQARSE  GRAtW-D  SAM). 


SAND:  GREY,  i«T.  NED!'.*  TO  COAPSE  GRAINS)  SAM>- 


SANO/SILTY  SAND  Grey,  *t.  .«nn*  to  coarse  grained  sand- 


SANDY  (X|v.  Dark  brow,  net.  plastic- 


SILTy  s#"L  Daw,  grey.  *t,  fine  to  -©duh  grained  SAM)- 


TH 83 -2006 


*1.  7kt 


Description 

SWC:  Light" mom,  moist. 

SILTY  SAND:  Light  NO*,  moist,  NEDltRi  GRAINED  SAM). 


<mr. 


_Iifiki.A 


.  MOIST,  f  1«- GRAINED  S 


SILT.  Light  mom.  moist,  nedh*  grapmd- 

flUTfl 


-Uw  1 


SANJVSFlTY  SAND;  light  anom.  moist,  medpai  g*up«d  sam1- 


6WV'  Light  a 


,  MOIST,  MDliM  TO  COARSE 


SAT  S#ffi  TO  1/4  INORS- 

_ _ _ / _ _ _ 

SH.IY  SAND-  Grey.  misr.  fine  ty>  nonf*  grained  sam>- 


or  v.  n  n  n  ion 


VALUE  ENGINEER!? 


TH83- 2007 


DEPTH  LOfi 

NC 

LL 

C| 

-4 

*200 

4 

SN/SN 

3 

■p 

99 

10 

SAND/SILTY  SAND;  Ll 

2Jt 

sn 

7_ 

— 9T 

silty  s*nv  *»»•<. 

•p 

*nr 

hD 

4-5 

15 

4J _ U_ 

■ 5~ 

'nr- 

r 

“nr 

~5T 

SAN"Y  <!lT:  V**. 

4^—4- 

~rr  ■ 

— r 

TWT" 

SP/SN 

85 

ID 

NO 

99 

l? 

13 

SANPY/SlLTY  SAND:  S 

S4 

2 

HP 

99 

13 

SILTY  SAND  Grey,  - 

114 _ 

15 

© 

99 

23 

14 

j 

© 

99 

9 

17 

SANDAILTY  SAND  r-fl 

7>/S4 

- 

99 

7 

© 

99 

5 

l? 

5 

- 

ITS 

9 

19.0 

99 

6 

16 

71. 

r\5 

■ 

- 

93 

« 

SILTY  S«D  5r£v  ,  - 

T“' 

© 

99 

S 

1 

SAND. 'SILT*  SATO:  5a 

SATO- 

99 

2H.0 

99 

5 

IS 

_ 1 

SAMI':  S«€y.  -©ist. 

SP 

2T 

T 

7 

?6.5 

55 

i« 

T 

SAT :  Pine  to  4Enr 

TC/S4 

2LL  ...  . 

25 

© 

99 

6 

27 

SAND/SILTY  cWT):  r.a 

so 

im 

4 

SAND;  5»tY.  HOIST. 

1ZE 

M- 

_ !2_ 

<nn  6RFV,  iorr. 

TH84-2082 


TT34-2082 
depth  Los 

SP 

- -Tjr- 


SAND,  HH.T1C0L0R.  MOIST,  h 
GRWEL  TO  1  INCH,  VERY  LOOS 


SILTY  SIND-  Daw  8R0*.  mc 


INVEST 


DEPTH  Lor,  T  L 


T  T79-16 


SAND-  GREY.  (©1ST.  OCCASK 
TATI  ON-  r-#fY»«*lATEP  FHCOIR 


ALUE  ENGINEERING  FAYS 


TH63- 2007 


STA  WOO  1 
LL  PI  -9 


a  7?t 

DESCRIPTION 

SAW/SJLTV  SAW:  LH>«T  grcv.  HIST.  REDIi*  graimti  sw®. 
SJITY  WV  bwonn.  hist.  cinf  to  g»ain«t)  srto- 


THB3-20D8 

STA  39000  L 

DEPTH  LOG 

*  LL  PI  -4 

-200 

SR 

JJi _ 

7  W  98 

19 

SP/S“ 

1  *>  98 

6 

SJLTY  SAXD:  BROMN,  HOIST.  Flt€  TO  HDJlH  GRAINED  SAND, 
7  GRJWEL  TO  3/3  INOCS- 


IXTI 

*>  r- 


"  *  ?W*Y  <!LT;  Ppmil,  NO! ST,  PINF  'tRAINFD  SAMTV 

"7 T  «JJP1V'T1Y-  hist.  finf  srainep  s#®7 

SW* /SILTY  SAW:  T)ACV.  HOl-.T,  fCDI'f*  GRAINED  SAND- 
SlcfY  SAW.  '‘■REV,  HIST,  NEOIlN  GRAINED  S*NB- 


CNJVSll  Ty  SAND  '-up,,  HIST,  NEDJJi  GRAIfcn  s#m- 


SR  A  SO  20  96  IS 


SILTY  SAM:  9RIM.  HIST,  fine  TO  HDUM  GRAINED  SAM- 

SW/SILTY  SAM:  Ar»#i,  HIST,  F|RF  GRAINED  S*C- 
SlLTY  SWID:  BROM.  HIST,  FINE  GRAINED  SAW)- 

SAWO/SILTY  SAND:  Brow,  hist,  fim  grained  sand- 
SAfC:  Light  grey,  nediin  grained  sam- 

SAW:  L 16 HT  GREY,  HIST,  HDIJ1  GRAINED  '.*0- 
SAMD/SILTY  SAND:  LIGHT  GREY.  HIST,  MEDti*  TO  COARSE 


SRE»,  HIST.  MEDlL*  GRAIWFTI  SAM). 


5  <AM/S!l 2 * 4.Tv  SAND'  G#rv.  HIST.  NEDIvfl  TO  cnARSF  G®AINED 
SAND- 


8 

NP 

100 

is 

18  SIlTY  SAW:  usntgrey.  hist,  «d|.*  grained  SAM. 

?u 

NP 

100 

28 

SATf :  D/W.  GREY.  «CT. 

13 

SI 

22 

ion 

9S 

6 

76 

91 

12 

100 

n 

r — TT - T  rv  _  *r 


'J/In:  GREY.  HIST,  COARSE  GRAINED  SR®- 
SAff  C I  HE  TO  ^niiAi  GRAlMD  SAM- 

SAW/SI'.ty  Sinn,  r.op,,  hoist,  Hoi'N  grained  iw. 
SSN"  Grey.  HIST.  •*"!  r  GRAINED  srh- 


31 

32  8 

IX 

81 

50 

>-  ia 

100 

85 

39 

*> 

IX 

89 

37 

YP 

IX 

89 

32 

V> 

IX 

91 

V 

IX 

IX 

TT79-17  STA  913*00  C 

DEPTH  LOG  NT  U  PI  -9  -2X 

- v  e  m  T~ 

JL-fi _ 


i)escri*tion 

I>REY,  HIST,  vine  TATI  on. 


j/RP  f,Ne  ^  a30hsr‘  ®**TNO) 


<*&.  mtir.  occasion*  <m**l  to  1/4- inch.  tmf- 
TATIOR  'Am  MM  ter  WCaRTTOED  AT  7-S  F«T 


1  SEE  PLATT  20  FOR  LOCATION  Of  TEST  HOLES  AND  TEST 
TRENCHES 

2  5CE  PLATE  0A  FOR  LEGENO  ANO  CLASSIFICATION  SYSTEM 

5  SEE  TABLE  6  FOR  DATE  ORlLLEO  OR  EXCAVATEO  ANO 
TYPE  Of  EQUIPMENT  USED 

4  ALL  TEST  MOLES  AND  TRENCK3  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  *  INVERT* 
IN  THE  CHANNEL  AND  “EXISTING  GROUND*  ON  BACK  SIDE  Of 
LEVEE 


U.  S.  MMV  ENOtmi  OtSTWCT 
LOS  AMOCUS 

_ CORPS  Of  ENOIMtMS 

SANTA  ANA  RIVER  MAINSTEM.  CALITORWA 
PHASE  U  GENERAL  OESM3N  NCMORANDUM 

LOGS  OF  WVESDGATIONS 
CORPS  OF  ENGNEERS 


STA.4 19+00  TO  STA.390+00 


VALUE  ENGINEERING 


PC  75-1 


OC75-2 


we s+  wevee,  Sooq 
with  Deleterious 
Materiel 


Coar&t  To  Fine 
Sand 

Pint  Silty  So*"id 

Cioyey  S»it 

Sandy  Ooy 
S-'ty  Cloy 


S>»ty  Sand 


st  Alton  »*»  1  w.o  .?idy..  r*CL  oatC  . 


SORT  ACE  ClEVATIC;  _  _  QMVWG  WEIGHT  JZULi. 


a. 

< 

* 

S 

II 

Aur  BoriBKi  Inch  DU-otcr 

DESCRIPTION 

A  £ 

3 

P 

OO 

So 
8  2 

* 

J 

§ 

— 

- 

* 

TILL  ;m.o-  Sf:  Utht  brown,  coar«c 

.:nd  cobble*- 

_ 

sr 

10 

102. v 

u 

— 

1!! 

||! 

S*IT:'  £H;  dark  brown,  *oi»t. 

SK 

— 

:■ 

■  *«*•■:■•  ».\Kn :  sr.  n*bt  w*#. 

•  oi:  •  xc  oodiuai  jralaed,  BOi*t.  loon*. 

- 

‘ 

TF 

S'.  .7 

sr 

“ 

J 

V 

e 

lOl.bi  :■ 

H 

: 

" 

- 

— 

II! 

hi 

I.U 

SK 

1 

* 

W 

— 

• 

• 

: 

_  Sf 

— 

r-'l 

il! 

.it 

b 

■  sr 

n* 

q 

5 1  .v  ins  :  f.l>{  und  ?r  w.-.  t  cr  . 

_ 

it* 

2i 

. 

QC71-27 


GC7I-28 


STATION  ’>*  ♦  ?a_  W  0  03A.L  DATE  1 


SO^TACt  tLCVATi;-.  11  _  . _ OHtVING  WClCHT ...  ■*■*.  !.n- 


1 

- 

SL 

\- 

« 

5  5 
2  S 

DE  SCPI**TlON 

& 

<jrf 

i* 

g»y 

“  £ 
*1 
ssr 

OD 

cc  a 

O  *T 

« 

1 
>•  w 
6  ° 

i* 

ss 

3§ 

z 

5 

|I 

ij 

-  3  - 

’  10“ 

* 

> 

■* . 

T  .‘VITIIT  S'-W-i  ST:  brown.  c«.ir«r 

nnit,  <l«>ise  to  v^ry  dense; 
Inter.'.  .'d'-J  ultl.  CTAV IX :  C? . 

"SI 

- 

- 

50 

... 

U 

III 

8.7 

j  ■ 

■is  - 

— 

iO  ■ 

Va:  •  ■  ■>  •  Nt>  WW  -.r.  i  1;  Ul  brown , 

i  of  nU  .'UT  01  •«  V-.O' 

_sr 

: 

c 

:*« 

1l« 

'Gi 

. 

T 

9! 

AS 

kJ 

!!! 

---'  -'-±-  -■  *'"vn-  l-t-.M».d, 

- 

12' 

1,1 ' 

■  ‘ 

— 

HI' 

s 

■ 

■ 

M 

AA  '  *  1 1 biown,  eoorii  srj.ned, 

■ 

■ 

■ 

■ 

■ 

H 

' 

JO 

■ 

Hi 

■ 

■ 

L— 

w 

LJ 

ra 

IO| 

SI 

3> 

ICSp 

VALUE  ENGINEERING  P 


S>  2  95 

sp/sr  7  m  ioo 

a  n  44  22  100 


Th  83-2101 


THH-2101  STA  3 WOO  L 

DEPTH  L«  *  a  PI  -4  -2®  n 

SH/SR  4  *>  94  7 


EL.  tt* 

OtSCBIPTIfW 


SILTY  SARD;  S **.  «  4 


23LL 

SR  18 

HP  100 

27 

SP/SR  10 

4P  100 

10 

ZLi. 

SP/SR 

aj _ 

23  * 

100 

16 

SR/SR 

11J _ 

?4  *> 

no 

12 

95  3  SAND:  Grey,  wist,  medilh  grained  sam)> 

•>  100  10  9  SAND/SILTY  SAW:  Sm  as  mm t- 

22  100  88  CLAY:  Bno*.  wist.  FI*  grain  s**>- 


SAMOY  SILT:  too*,  *T,  fine  to  NESCfi  Aai*d  saw- 

SILTY  SAND;  too*  NO  GR€Y,  NET,  WDH*  Ssain  $40. 

10 

SAWY  SILT:  Grey.  *T.  ft*  SrAJN  SAW.  !PCN  (WIDE. 

9 

SILT:  ll6KT6nrf.NET. 

10  SILTY  SAW:  Grey.  net.  fine  grain  saw- 

19  ■  '  - - 

SAND/SILTY  SAW;  Grey.  *t.  *dii*  graiwd- 

SILTY  SAW:  too*,  *T,  WDt<*  TD  FINE  GRAINED- 

$*€:  L/SKT  GREY.  El*  MAJ*T- 

SAW  4*0*.  MEftll*  TO  FINE  GRAINED- 

17  ~  - - - * - 

SAW/SILTY  $*W:  Grey.  *t.  nepi'H  to  coarse  grained  *;»©- 


43  45  15  IOO  95 


HP  1CD  31 

HP  109  44 

HP  I'M  T3 


TH  83-2102 


THB3-2UB  ST*  370*00  R 

LOG  NC  u  P|  -4  -200  * 

5  ff>  96  1* 

10  W  96  39 


3  W  98  18 

3  •>  96  13 

SP/SR  5  *  97  9  SAW/MLT*  S*RT»:  I.IOff  <wo*. 

10  SILTY  SARD;  I.16KT  BROW.  wii 


SATE:  Brow.  hoist.  fine  ton 


19 

HP 

100  49 

134 _ 

>(• 

NP 

99  29 

„  .  a  «  in - b  99  71 

am  . 

’ 

«f> 

T9  1* 

iL5_. 

2^ 

NP 

IOO  14 

1 

2^5 _ 

74  ?4 

7 

130  56 

S#mt  T|'.t.  9a*  worn.  <r. 


TH  83-2104 


ST»  375*50  C 
LL  3I  -« 


Descrirtioi 

rtf'.  WIST.  VERfTATtON.  p 


OfPIH 

LOG  NT 

'i  “1 

-4 

-200 

SN/3* 

92 

7 

- 

» 

94 

9 

ii.. 

S?/SR  3 

RP 

97 

6 

* 

*> 

98 

9 

JU- 

S°/y 

w 

97 

7 

SN 

•» 

99 

18 

LLi~ 

:  1 

HP 

99 

43 

ua.._ 

SP  « 

94 

3 

v>/SR 

HP 

97 

5 

1 

83 

2 

yji- . 

62 

4 

fi  •  6’.* 

DCSCRIFTI 

SAW /SILTY  SAW:  tooNf-SRE* .  - 


SAW/S  It  TY  SAW, 

to O*.  Wisr 

SARDAIlTY  SARD; 

S*E  *5  ART'S, 

SARD /SILTY  SARD. 

SlW  4S  too* 

SILTY  S*RD  too*.  wist.  f|« 
SAIT:  too*,  WIST,  AEDIUM  T 

SAW;  Grey .  wist,  won*  ™ 
103/8  lwbgs- _ 

SAWY/SILTY  SAW  S**  ag  as 
WAYPJ.Y  SARD  S*T  AS  ABfVF 


18  •>  100  f 

a  w  3?  4  im  5j 


SAWY  a»Y  ’'a*  awey-wo* 
SWlY  SHT  Grey.  rt*  nut' 


Lug  engineering  pays 


TH  83-2102 


T  H  83  2103 


ST*  17W0  * 


RC 

LL 

PI 

-4 

200 

K 

DescxtPTtai 

5 

46 

18 

SHIV  SM>:  Wo*.  HOIST,  FINE  TO  NDIIF  6RAINED,  GRA/EL 

TO  3/4  INOCS- 

NP 

36 

n 

25 

"5~ 

w  w 

~7T 

3 

W 

?S 

18 

3 

J 

— ■ 

HP 

1? 

5W»/S|L|W  5*°:  Light  mat*,  hoist.  «cnuw  grain®. 

10 

sJ'.tv  ypn.  i.ight  browl  ►cist,  nemo*  ruined- 

4 

■r 

l« 

~7~~ 

—  - 

v~:t" 

;;2L‘ 

9 

S A/E  BROW.  HOIST,  flic  TO  IR-DHW  GRAINED- 

19 

f 

9 

15 

NP 

21 

SRC:  ‘WON.  *T,  HEOIUN  GRAINED- 

*7r_ 

'VT 

"T  • 

— W"  - 

T 

SPfTT  (\v  -***  gmv,  «*T- 

* 

♦ 

■■ 

TJI  TV  $*«:  *T.  *«OIUH  TO  Cn*RSf  CRAIW®- 

■F 

:>• 

> 

VI 

>4 

>4 

'.wro  ^ai*  brow.  <t.  fine  to  hfdiiw  ^ah«0. 

0»'|VF. 

TH  83-2104 


-W/mH  SMW  to*.  HOIST,  «DHW  GRAINED  SAND- 

wn/skTY  <jm  s#*  *,  awm- 
-m”K t!.»>  s»T  s**  «  «*• 


SI' t v  s*d  Wow.  whst.  h*  a»*i«r  *nb- 
yiT  Wow.  WIST,  NEDIiW  TO  *IW  8RAIWD  swu 


SAW  Wp»,  HOIST,  TO  COW*  WU«D  SA».  IMfL 

m  M  laati- _ _ 

sawy/siuy  saw  s**  «  « 

WL'IW-  «  am 


*.  WIWEL  TO  1-1/?  INOCS- 


IT 


IS 

w  W 

*  T  77 

31  *  100  5/  1$ 


27 


*  100 


n 


SAMJy  n.»T  <*eY-wn*.  «cr. 


S<*W  SU.T-  .  Ft*  drains  sjwd.  iiwtu  endive. 


MS-210  SMJTWWL  a.  661 


DEPTH 

106 

RC 

U. 

PI 

-4 

-200 

N 

DESCRIPTION 

SP/SR 

4 

W 

98 

8 

SARD/SI  ITT  WO:  NON,  R0I5T.  NOWCOC5IVE,  FO»  GRAIEL 

TO  3/8  inches- 

m _ 

4 

NP 

99 

8 

SAW:  Prow  n®  s ret.  hediiw  to  cowse  6Rainb>  sa». 

s-s 

W 

19 

NP 

99 

62 

SANDY  SILT:  Wow.  HOIST,  hedii*  to  fine  grained  sab- 

14 

•*> 

103 

26 

5 

SILTY  SAND:  8ROW.  HOIST,  *€DUH  TO  FINE  GRAINED  SAB- 

SR 

11 

NP 

98 

31 

13-0 

19 

7 

5 

IP 

94 

11 

SARO/SfLTY  SAND:  SREY  TO  LIGHT  BRN.  <0157.  *0-  G»A| /&■ 

SP/Sf! 

5 

SANE:  Nter- 

1<LS 

5 

W 

100 

5 

M- 

* 

1ST" 

— IT 

SILTY  iiRO:  WOW.  HOIST.  HEDltfl  TO  Fl«  GRAIN- 

SR 

J7 

NP 

100 

46 

SILTY  SARD:  WOW.  NET,  COCSrvE,  FINE  GRAINED- 

w-n 

28 

20 

19 

NP 

95 

57 

SANDY  SILT:  PREY,  *CT,  NEDIlH  TO  COARSE  GRAINED  SAND- 

*.  22 


2*  SA/t;  Daw  grey,  cocsr/e- 

m _ _ 

28  w>  05  10  Mirr  s*kD:  Daw  grey,  net,  *»-cc»e$tvs.  heoi-h  m  fi* 

_  34AINED- 


SB 


24 

24 


SAW:  WDUH  GRAIN®  SAN0- 


25 

ii,a _ 


NOTES 

1  SfcE  PLATE  Z'  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8A  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  DATE  0RILLE0  OR  EXCAVATED  ARC 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  ‘INVERT* 
IN  THE  CHANNEL  ANO ‘EXISTING  GROUNO*  ON  BACK  SIOE  OF 
LEVEE 


SCALE  I  WO  FT 


hbth; 


mm 

AftOWYO* 

MM 

AIWUNM 

REVISIONS  | 

U.  V  AJUAY  »*Ot4CB  OfSItia  1 

40 S  ANOBJS  1 

CORPS  OF  FNGINWS 

«m«m  m, 

° mm 

SAMTA  AHA  BtVCft  M4WSTOA.  CAAfTOWWA 

PHASt  n  OOCAAL  0C9GH  ICWOBAMKM 

LOGS  OF  WVESTIGATIONS 

CORPS  OF  ENONEERS 

STA.380+00  TO  ST.  360+00 

VALUE  ENGINEERING  P 


TT  79- 14 

INVENT 

TT79-U  SU  353*00  C  EL-  48t 


DEPTH  L06 
9 

_ 


PC  LL  “I  -200 

_i - m - v 

- * - O' 


n 


ncscsiPTioN 


fUHO.  f*pr.  MOtST. 

SNC;  fidfY ,  MOIST.  ‘W«U««TO»  BCO»TE*Fi  AT 


TH83-2I05 


HC3-21K 

AOOO  l 

DEPTH 

106 

PC  Li 

p;  -a  -200 

1-5 

SP 

1 

1®  * 

T 

▼"TflD 

SPAM 

' 

»  l®  & 

VS 

2 

f  ’.TO  5 

u a 

SNAP 

■r  9 

9  5 

SP 

6 

•r  •  Yl 

vm 

■r  iy 

.?  iJfl 


4 

_ _ *  -  -- 

<*•  97 

n  *  17 

9AP 

11 

V  » 

12 

V  93 

TO- 

W  VP 

To 

2ii5 _ 

»~rsn  * 

24 7  ZJ  W___  i. 

20 

*  I'M 

SP/SP  _ 

23 

9  iX 

^ — s — n — a — i* — Trr — ^ 

26-0 

SC  25 

33  17  1®  •*! 

ZIA _ 

SP  27 

f  1®  »9 

- — ~ p  — ■ rjp - - 

SP  21 

+  r 

IL2 _  _  - 

a  6u 

Descfipticw 

SAND  (HO*  MOIST.  MEDIl*  GflAIPCD  S*C 

SWVAILIV  5WT  5»i  «' «*• 

$**:  ce*  «»B.  TO  l-l/’’  IMOCS 
SJWt  C€W  GS«*i-  TO  ’  IMO*$- 
UNDAI'.TY  S«NO:  '00  AS  abtn». 

Sltn  yNn  NO*.  MOIST.  F|MC  TO  MT !  A 


•>»0A!LTT  SIND  Brw-gofv.  <T.  mt  »- 
SWF:  5fl««L  TO  1  INCH- 


S«DA|i.r»  S*Nf  '0*  AS  AMrvs 

SNf  '  f)«V.  MET,  «»!*  *C  COAASf 

SILT-  Daw  6 AFT.  'I me  waPct vmc 

fLAvP'  S*TC  $**  AS  mr*t 

ML^  SW5  SN*  AS  AMWE 


S!>  TY  SAN"  SHFr.  W.  PEC  I  N  3PAI**r 


TH84-2I07 


T«4-2137 

-•  '"•or  : 

ft  .  s't 

TT79-I3 

nEPTH  ire  pc 

- 

-■>T 

1 

OfSCWIPTO. 

INVENT 

ip  ; 

•»  a 

>s 

SIUY  SNPV  IKON.  MOIST.  LOOSi.  c  •*  -• 

TO*,A  -MOCS  SM  'V'M-r  T  ’  >• 

TT79-1’  ST1  337AG'- 

El-  4mi 

OEPTm  »  U  01  -4 

-2® 

h  i'escai*tiom 

SMAAILPT  SIND:  s«  AS  A*M 

9  % 

l 

<*».  <M«Y.  MOIST. 

3 

SWAP 

•r  )9 

W/93  V  9 

3-0 

IT 

SJNOAILTT  SIND  6«r».  moist-  ri#aNO«ATEii  wcxunCTfb- 

3A  . . . . . 

V 

• 

4 

SAPO:  M^IST.  lOOSf.  e  IME  ''J*|4T 

a*csioN- 

9 

11 

iSJL 

'■*  * 

*  1(0 

M 

14 

SINDT  a*T  Ra*  MK««i  MUST  CT>CS!VT 
SAW.  STIFF- 

18-0  _  ..  ... 

1 

f  ’00 

A 

6 

SK0T  SILT  fiNF*.  MIMS'.  CT»«stVE.  r|i« 
STIFF. 

»  ion  * 


ALUE  ENGINEERING  PAYS 


ST»  KOfJC  L 

a  £>i  yx  i 


SWT  had  moist,  new  J*  c.  aimd  s 

^Wf'MLiV  <W)  5#r‘*s“«w«"- 

«HT  CM  3»*U  TO  l  l/7  IMOCS- 
v»  'p»  ,m«n  to  t  ino*s- 


'»  '.r*v  «(r  mcm  x  goainfi)  wc  SRMfL  i 


TW3-2I06  ST*  538*00  L 

kpth  log  ft  a  pi  -a  '2oo  n 


f- 

•mi 

<?!'  *v  S**  AS  AAtmt. 

S 

— 

*> 

99 

13 

<,ARr>  NUR)  N)|ST.  F INI  TO  MOI'H  GRAIN  SR®. 

-Li. 

in 

OP 

98 

18 

*'  ,y 

3P/3R 

.L 

0  -■>*• 

~  ~T’ 

TrtwpGRfv  M)IST.  FIM  GRAINED  SAM)- 

12^_ 

* 

- - 

....  f  . 

ILL 

SR/SC 

2A 

26 

6 

98 

72 

V 

w  ■  " 

IN 

*0  I  INCH- 

16 -Q 

1 

36 

53 

2 

190 

87 

*p 

ILi 

SR 

71 

¥> 

98 

IS 

%■  .' 

.  V  -’T 

50 

*5 

XP 

100 

61 

r. 

>ev  ^aim  asAt^^gf^r IT 

* 

" 

OP 

ll» 

63 

AT 

IT 

•  ’*  \mP  -.#*  AS  MM 

•! 

* 

11 

100 

91 

c 

Vf 

•FT*  **’  wni^»  T  COARSE  SHINED  *N®. 

2SL 

5T  %  ‘  *=*  r 

’W  5*fV  F|«  GRAINED  SAND- 

22 

*> 

100 

71 

. . - . — 

3* 

13 

110 

18 

SW/MLTY  SMD  Grey-WOM).  moist,  mdiiw  graimD  sami. 


SILTY  SWH;  Grey-BM.  MJIST,  pint  to  GRAINS)  SAM). 

MWEl  IP  3/A  IWPCS. _ _ 

y<t :  8rwn.  net.  FINE  to  «CD!>A  grained  S«K). 

SMD/SILTY  SAM:  L«ht  bachn.  Mt,  gradcd  sand- 


SILTY  SWD/T.ATp'  SIRO  NKMl.  Mr.  fine  to  MEDtiX  GRAINED 
SAM). 

5 _ _ _ 

SILTY:  *K*4t.  net.  OCSIVT 

8  ~ - 

SILTY  sup):  9mm.  net,  mdum  grained  sam>- 

SIW3Y  SKI:  Dam  met.  fine  grained  s*o.  m  chhlsi'm 

SA^  Dam  gpev.  comsive- 

SVC  l/SHT  oner.  SLRJWTLT  OMFSfVE.  FINE  GRAINED  SAND- 
SAf:  I.IGMT  GPET  <«T.  CWFSIVE. 

U  SJI.TY  SUn  'Nipr-MO*,.  <C 7 .  •Vn\r  3RAI*WP  SAM) 


Rpr*  I.OOS*.  FINE  SRATNETI  S 
"  Nr.Rt  «Tf  Put**  R  rr>»s :v«  Si 


•  S£E  PLATT  Zf  POP  LOCATION  OF  TEST  HOLES  A  NO  TEST 
TRENCHES 

2  SCE  PLATE  84  FOR  LEGENO  AND  CLASSIFICATION  ST  STEM 
5  SEE  TA*LE  «  FOR  OATC  DRILLED  OR  EXCAVATED  AND 

TYPE  OF  EQUIPMENT  USED 

A  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  " INVERT" 
IN  THE  CHANNEL  ANO ’EXISTING  GROUNO*  ON  BACK  SICE  Of 
LEVEE 


**  *****  CtMTSKW.  f:»  OMlMtt 


'  cr>«*r*.  «im  ora(nr)  sam>. 


NHST,  Ct**RfM.  FIM  WAIMT  VA®. 


U.  1.  ARRAY  tNGMCM  Oftttl 
LOS  AMOELtS 

_  _ 00*  F*  Of  wowtw 

SANTA  ANA  RIVER  MAMSTEN.  CAURDRNIA 
PHASE  0  GENERAL  DC9GN  NCMORAMXJM 

LOOS  OF  NVESTIGAT10NS 
CORPS  OF  FNOWEERS 


STA.358+00  TO  STA330-00 


□ATI 


GC7I-15 


ELEVATION  FEET 


PAYS 


NOTES : 

I  SEE  PLATE  8  FOR  LEBENO  Me  GENERAL  NOTES. 


0»TUM  II  NATIONAL  8COOCTIC  VIATICAL  OATUM  a-  l«» 


ILL  MM  t  I 

io» 

com  or 


SANTA  ANA  NIVIN  IMMTEB.CAJTOMA 


{.SEE  SUBSEQUENT  PLATES  M  THB  PLATE  NUMBER 
SERIES  FOR  LOOS  OF  INVESTIGATORS. 


PLAN  AW>  PROFLE 
STA.325+00  TO  STA.260+00 

m&mb,  I  me.  MO  NCWN - 1 


value  engineering  p 


TH83-22Q1  Tna4-2202 


iws-noi  «w  »o*» «  _  EL~  ** _  ™*'ag  si*  L  a-  sb 


KPTH 

LOS 

* 

a 

PI 

-8 

-2® 

N 

Descriftiw 

DEPTH 

L« 

* 

U. 

PI 

-4 

-m 

1 

Description 

SH/SH 

S 

«P 

82 

9 

atMliY  yflO^lLTY  (*X€UT  SMD:  l«*T  mom.  WIST.  « 

COHESION,  *Wt"  GRAIN®  SAW- 

ai/sn 

4 

« 

98 

9 

SWSILTY  $#»1  morn.  WIST.  LOOSE. 
jCNE  mm EL.  *0  X*T«nXTW  TEST  DUE 

27 

sp/» 

l 

IP 

95 

6 

S4W/SR.TY  Sm:  SM9  A6  ABO*. 

n 

SJWE:  S/HE  AS  %»*• 

“T 

T~ 

nr- 

*w 

c 

97 

-n or- 

~TT~ 

TT“ 

TT 

td r~ 

IT 

air!  feoM.  Wfsr.  sox  cnws«»- 

sn 

9 

«P 

95 

21 

SILTY  SMI):  Siam.  WIST,  no  cwesion.  OCCASIONAL  srmb. 

TO  1-1/2  INOCS-  ftCGMI  «OJ«  DRILLING  ftUD  CUE  TO  CXtNS- 

4 

SAMVStLTY  $XD:  U«nt  anox.  WIST,  u 

TT“ 

TT 

“TOD 

—IJT 

to  cxix- 

vs 

ip 

9ft 

!•» 

SILTY  uew  MOM,  X  OXSICN,  XMIM  GR*CN  SAW- 

$p/* 

P 

99 

6 

13 

sn 

IS 

•p 

100 

79 

$#€:  SXE  AS  XtVE  WITH  FIX  GRAIN  SAW- 

SJI.n  $ATO;  U&TT  BNTMt.  WIST.  f|X 

21 

ftp 

1® 

1ft 

S *€:  9rOM.  NET,  XWO»  GRAIN  SN®- 

V 

99 

tft 

n 

COXStX,  VMS  GRR/FL- 

U-O 

58 

IS 

IS 

1® 

W 

SHOT  Silt:  BROM.  NET,  FIX  TO  MEDIUM  6 MAIN  $*©. 

SP/9* 

*> 

97 

11 

20 

SPHlAftTY  sx»:  LliSNT  mom.  'IX  <* 
SfJE  CUfft’S  OF  9WV  SILT.  ^TI«T.  COXS 

a 

79 

5S 

11 

l® 

55 

SMBTf  CUt:  Ia*  Gxv.  XT.  rix  TO  XDliN  GRAIN  s*®- 

2UL.^ 

suet  SILT;  DMK  GREY ,  fix  3SAIH  Ell. 
FIX  GRAIN  SAW- 

sc 

50 

83 

u 

l® 

42 

,l»vn  SAffi:  D*4(  6XY,  XT.  fix  GRAIN  SAW- 

X 

29 

« 

»6 

l® 

ST 

5 

_ 

10 

SMP/SRn’  W*:  ftufv,  XT.  XDIlN  to  coarse  win  SXO- 

_ 

28 

■p 

l® 

9 

9* 

51 

51 

: 

1® 

49 

22 

SILTY  SPKJ;  ftftOW,  f!X  SNAfN  SAW.  S 

s f>rx 

50 

1® 

2U_ 

1 

54 

I 

I® 

73 

U 

S*0Y  SILT;  Sax  X  ARCWE. 

pH 
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?T 

* 

"T*r- 

l< 

STtlT  5PPT  5 an!' as  Atcwf 

THQ4-2203  TH83-2204 

injjWBi  a.  5«  hm-b*.  snwmot  '’..vs 

DEPTH  i»  RC  a  °l  -4  -2®  "  t>csc»fprrow  XpTH  c*  »r  U  °1  -4  -2®  «  Desduftijn 


P/SR 

» 

ftp 

93 

7 

SIND/SIlTY  SXD:  IIGKT  MOAN.  LOOSE,  f  IX  GRAIN  SAW. 

VM?  CUPPS  Of  SILT.  * 

SMe/SlLTY  S*rr':  4rom-HG*<t  «W>m, 
WIST.  3RMFL  TO  3/4  (NCXS 

J-JL 

25 

SP.TY  S5N1:  Sax  as  aknE-  ,  w 

SN/Sft 

i«n 

U 

W 

5 

•*» 

99 

17 

- 

JA  - 

. . . 

7 

SILTY  SUIT;  4rox.  wist  to  XT.  lOOje,  cqxsix.  x«y 

fix  train  saw.  vrr  * 

i® 

14 

SJLtY  SAW:  mn  ■»«>.  W|s». 

FIX  TO  Xtll'IA  GRAIN  SAW,  .a-EJFO  ' 

79 

» 

99 

71 

... 

SP 

5n 

- 

19 

43 

16 

s»f :  large  curps  or  silt.  ^  # 

l® 

so 

sm  ftNOP  AW  GRFV.  XT.  «ix  Tn 

1® 

23 

4 

is  * 

i® 

13 

SPfr  S«E».  XT.  XT!  P  GRAIN  SAnt, 

2U. 

_ 

* 

51 

3 

l® 

W 

n 

SJWY  SILT.  fiftEY,  XT.  STIFF,  Fix  GRAIN  SAW.  CHXSIX.  >T  « 

LAM*  CUPPS 

l® 

41 

S»^:  SRFv.  XT. 

1 

3i  i  s  ".t; 

-HIL_ 

^SL 

Sl[f  JWy  xr  Fim  oraiy 

51 

ft 

1® 

S? 

20 

?S  » 

ion 

2 

SILTY  SATO;  fixy,  XT,  NEDUN  ORAi 

9* 


SH.fY  3*W;  $*t  X  ANCW- 


r  l® 


25 


S*H:  Ytu.«flSH  gmv.  XT.  xt«tp 
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VALUE  ENGINEERING  PAYS 


TH84-2202 


; _ ST*52(N0L 

*  U  *1  -MQ 


BL-  561 


DrsanmaN 


4 

m 

98 

9 

<jie/51LTT  SAW:  Brow,  hoist,  loose,  fine  grained  saw. 

s «  (MATS.-  "0  PtJtnWgTER  TEST  DUE  TO  LARGE  (MAITR- 

1 

?1 

SARTt;  AS  •OE- 

I 

97 

3 

A 

* 

S-WO/SIlTY  S4W:  LIGHT  (**»*,  WIST.  LOOSE,  FINE  m  COARSE 
(MAIN  SAW.  S cm  GRWEL-  BB5AN  ADDING  DRILLING  HD  DUE  TO 
TO  DATING- 

1 

4> 

99 

H 

1 

tF 

YJ 

'»  1’ 

SI'.IY  SAW;  liott  anrw.  hoist.  *i<c  grain  saw, 

rO^SIVE.  S'*  5RJWFL- 

*> 

! 1  ’0 

SJW'AILTT  S«n:  LIGHT  GROW,  cp*  GRAIN  SAW,  COCSIVE, 
SO*  CLlWS  OF  GRFV  SILT.  STIFF.  COPSIW- 

TT79-I2 

TT79-12  $TA  317«OQ  C  EL-  38t 

KPTH  L06  AC  11  <M  -4  -200  *  Description 


13  99  2 

SP  _ 


finer,  hoist - 


iL 


88  1  S4C:  finer,  WIST,  6MEL  to  5A  inocs. 


6ACUOAATER  ENCOJfTEAED  AT  3-5  FffT- 


SAWY  5ILT:  DAW  GNEr .  *1*  GRAIN  SILT,  CCKSIVE.  SOW 
FINE  WAIN  SAW- 


n 


SILTV  <:ne*n:  A»c»*.  nc  g»ain  saw.  sn*  a»csi<v- 


SAW*  S|I.T:  SAW  AS  A**E. 

w  I  »)  t< 


TH83-22Q4 

ST*  i®*’:  ' 


ft.,  fill 


U*  l;  4  -:t 


DeSTRJPTlW 


fiAW/SlLTT  8RORT- LIGHT  Anew,  HETtl'M  GRAIN  SAW. 

N3IST.  WAN^L  TO  V4  INOCS 


NOTES 

I  SEE  PLATE  22  FOR  LOCATION  OF  TEST  MOLES  ANO  TEST 
TRENCHES 

Z  SEE  PLATE  8 A  FOR  LEGENO  ANO  CLASSIFICATION  SYSTEM. 

5  SEE  TABLE  6  FOR  DATE  DRILLEO  OR  EXCAVATEO  ANO 
TYPE  Of  EQUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TRENCKS  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  ’INVERT' 
IN  THE  CHANNEL  ANO ’EXISTING  GROUNO’  ON  BACK  StOE  OF 
LEVEE 


SI1. TY  SAW:  "NOW  ANO  GRTV,  WIST,  rf*  OIWFl.  TO  1/*' . 

f  it  ro  wor*  wain  saw.  lawred  silty  saw- 


40 


fiBf:  NlM  /•«  MPr.  *T.  RIMS  TO  WO*  WAIN  SAW- 


*  -  in 


*.Mf  fiRCV .  <#T,  WTtift  GRAIN  **«n- 


.«r  WF»  fipfv,  «T. 

*  1  r-  4» 

'.rmi'isr  z_  annur  i^,. 

#  filirr  *UW:  fiwr,  <er,  won*  wain  $aw- 


W  y\ 


Wt\  TtLLfWTW  UNEY,  WT.  NRM'H  GRAIN  SAW- 


H — n  tt  tw  ~rr  vm  nyr.  mr.  wr. 


SCALE  I  SFT 
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MM 

AMOVAI 

REVISIONS  | 

U.S.  ARMY  IMQE—  OttWCT 

108  ANOU1 
com  OF  BEWNWH 

mw  m 

SANTA  ANA  RIVER  MMNBTEM.  CALIFORNIA 

PHASE  a  GENERAL  0C98N  MEMORANDUM 

LOGS  OF  NVESTtGATtONS 

CORPS  OF  ENONEERS 

STA.320+00  TO  STA.300+00 

i  *  t  mlom,  1  me  «x  oacwo*. _ «.  1  ,M"t  I 

r 


yr- 


* 


i 


VALUE  ENGINEERING  PAYS 


TH 83- 2 205 


TH83— 2206 


a  pi  -2® 


t  mom.  wotr  chips- 


SJLTf  SJWD:  LI6HT  WMt.  FW  «**&-  TO  l  INCH.  N0JIW 
GRAIN  SJtC 


[SPIN  LOG  tC  a  PI 


SILTY  SUB:  1mm,  HOIST,  «W«LTO  1/2  INCH.  wmn 
WAIN  S MV,  %  INCH  ASPHALTIC  CONCRETE  PM l«- 


S*E:  S*4E  AS  MO*  WITH  LESS  S 


21  SILTY  SMD:  BROW,  HOIST.  OJ&  OCR.  «DHH  TO  f  I* 
HP  100  22  wain  swe- 


SWF  LI6HT  MOW,  fCDIW  TO  COWS  GRAIN  SWC,  1  * 
L0«  OF  CKMFLLF  SAW.  TO  3/9  INOCS- 


10n  19  12 


IP  100  16  S 


1  IP  100  M 


v  Itt  * 


SIH:  WOM.  HOIST.  FINE  TO  *«PIW  CRAIN  swe¬ 


ll  21  12  8  100  56  SiWW  SILT:  %OM  TO  WW  MW-  FW  W«N  SWTO- 


SAfC:  9»OM.  TOBUM  WAIN  SAW- 


91  23  IP  100  SO  9 


SILTY  s*l>:  ¥fm  TO  ON*  WOW.  FIW  WAIN  SAW- 


W  ?3  )0  65 


Stmt  CU If;  Dw»  MOM,  NET,  <«J1W  TO  F|ME  CHAIN  SAW- 


M  40  14  100  82 


SNPY  SILT:  TUNC  WET.  onbwiics- 


SAf  S«e».  NET,  IRON  0*11*.  FINE  GRAIN- 


<11  tt  -inn  g«et  a 

10°  *  swe- 


SILTY  SWO:  Grey.  net,  tooiw  grain  saw 


SH  78  W  190  21  9 


SJW  TO* .  >«t.  fine  TO  heokm  grain  swc- 


a.  •?  ?9  190  9?  *  SWOT  a*v:  5A€t  TO  DAW  Wer.  NET- 


PI  •»  -20  N 


jBB/SlI.TY  SMB  SRfv.  W«  MRPtL  TO  1/7*  INCH-  S«TO 
NATE*  (•COMTED  at  I  S  FEET- 


1  SEE  PLATE  22  FOB  LOCATION  Of  TEST  HOLES  ANO  TEST 
TRENCHES 

2  5t£  PLATE  SA  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  6  FOR  DATE  OR1LLEO  OR  EXCAVATED  ANO 
TYPE  OF  EOUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TRENO€$  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  "INVERT* 
IN  THE  CHANNEL  ANO  "EXISTING  GROUNO*  ON  SACK  SIDE  OF 
LEVEE 


SCALE-  I  WSFT 


■j  u.  t.  army  b«h»  mm 
LOS  AMQAIS 
OOtPS  OF  *****  \ 

SANTA  ANA  RIVER  MAWSTEM.  CAUfORNU 
PHASES  GENERAL  OESWN  MEMORANDUM 


LOGS  OF  WVESTIGATIONS 
CORPS  OF  ENGtCERS 
STA.299+00  TO  STA.276+00 


Inc mx  »cwo*. _ ► 


T- 


IIP  ENGINEERING  pays 


TH  83-2206 


TH  63-2209 


►00  L 


no 


EL-  9SS 


H  INSCRIPTION 

>Sonn .  'SoilfrcL/w’aotK.  won*  main  s>nc. 


'silt  1*0*,  hoist.  fiw  grain 


SWO*  a*v  1*0*.  -«3I  ST,  BINE  GRAIN  SAND.  SOT*  CLAY 

i005- 


^I'.TY  inn-  iRCA*.  WIST,  «om*  TO  FINE  GRAIN  SWC. 

sow  a*  aoos. 


: jo  %  ^r.T:  ^re  *s  m* t- 

a»*  i*owi  r*>  grey.  «t,  worm  grain  saw- 

:r?  H  rMt  S*tv.  NET.  r*r,ANicS- 


^NfflY  1*’  <*Pr.  XT. 


1AT  inn*  nr>  grey. 


THB3-2209  ST  A  2«H)0  t 


np*TH 

LD6 

RC  LL 

»l 

-9 

-200 

N 

6 

(P 

IT 

w 

sn 

10 

W 

100 

16 

S-Q 

21 

SX/SR 

r 

W> 

V 

11 

9 

JJL 


n. 

31 

13 

100 

55 

13  >P 

1 

3? 

•P 

100 

87 

JLS_-fl _ 

5 

a 

39 

R3 

18 

100 

87 

18  Q 

IM. 

SP 

*P 

too 

19 

n.o 

~nr 

nr 

~rrr~ 

*9T 

6 

o. 

31 

<r? 

7» 

100 

5R 

29.0 

25.5 

* 

•p 

ICO 

H 

n 

a. 

R? 

?9 

18 

ion 

9? 

290 

n 

3C 

W 

100 

79 

n 

fl.4 

r_.  w 


Rescripts* 


SILTY  SAW):  too*.  dry  to  wist.  •cm>*  grain  saw. 

OCCASIONS.  GRAffL  TO  3  INCWS- 


SNE  Less  fines.  fb>  curps  o f  cores  i  ye  hater  ial- 


^AHO/SILTY  S JWD:  3rowi  ano  grey,  won*  grain  saw- 


SAWW  CLAY ;  Pro*,  net.  »wi*  oc«WFT). 


SILT:  %***.  *CT.  HTflltf  GRAIN  GATS). 


«1«Y:  On®*,  >CT.  NET1U*  3*AIN  SAW),  «Tf  “lAFTICITY. 


SILTY  SMIT):  RlO*.  NET ,  HEOI'JH  GRAIN  SAND.  GRWEL  TO 
3  INCHES- 

URirSHI:  *».  TCT,  TRAtt  OR  IRON  QKIOE* - 

'«*  fl.«:  AS  AP-VN. 


Sfl.Tr  s*rt:  BR «*,  >*-.  wnn*  S»AI»  SAM). 
(l*y:  fi»EY,  «T,  r’AfF  V  IW  'WIW- 


S»»nY  SILT:  *KMN.  GREY .  FINE  GRAIN  SAW- 


SCALE;  |  MOrT 


NOTES 

1  set  PLATE  22  POP  LOCATION  OP  TEST  MOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8A  POP  LEGEND  ANO  CLASSIFICATION  SYSTEM 

%  SEE  TASLE  4  POP  OATC  OP  ILL  ED  OP  EXCAVATED  Af*> 
TYPE  OP  EQUIPMENT  USCO 

4  ALL  TEST  HOLES  ANO  TPCNC»«  WERE  SET  UP  ON 

TNE  LEVEE  CPEST  UNLESS  OTHERWISE  NOTEO  AS  ‘INVEPT* 
m  THE  CHANNEL  ANO 'tXISTINS  SPOUSE)’  ON  SACK  SIOE  OP 


haw 

- Ntanow - 

MR 

AlWOWM 

REVISIONS  I 

U.  S-  AAMY  PNOWMt  OISItICT 

LOS  ANOttSS 

CORPS  OP  WONWI 

MR**. 

SANTA  ANA  PIVEP  MAINSTEM.CAL1P0PNIA 

PHASE  It  GENERAL  0C3HH  MEMOPA**** 

PUNA 

LOGS  OF  NVESTtGADONS 

CORPS  OF  ENGINEERS 

atom*. 

STA.270+00  TO  STA560+00 

j,ch,  aolat.  bto"®  It" 
(Jf)  vitb  tr»c«*  of  SI1>T 


to  W* 


I  Ttflrti  flM-fratoad  •«  W 


|-~^fiaa  *o  M4l.us-fralr.od  UfD 


stnt.  -out.  *t«r  ****  «*t  **«> 

•c TO**  Of  brown  OTfuot*  «a«arlal 


0*o aa.  «r*r 


LUg  engineering  pays 


;o  .  **-***  mill  o*7t  }--  - 
WVWC  WtlSHT  IV.-! 


moltm.  OMLL  DATE  )  ‘>'2L- 
twvwc  WEMiH T  V>0-1  b^?9-1-n-  - 


SURfACt  ELEVATION  » 


1  SEE  PLATE  22  FOR  TEST  SITE  LOCATIONS 

2  SEE  TABLES  A  AND  3  FOR  LIST  OF  REPORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN  ALL  LEGENDS 
ANO  EXPLANATIONS  ARE  CONTAlNEO  WITHIN  THE  REPORTS 

3  LOGS  BT  OTHERS  ARE  ONLY  TO  BE  USEO  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


U.  S.  ARMY  MOMR  OOWICT 
tOt  AMOCUS 

_ conn  OF  tNOHWM 

SANTA  ANA  R IVCN  MAMtSTCM.  CALIFORNIA 
PHASE  a  OBCNAL  0C9MN  MEMONtfCK* 

LOGS  OF  NVESTIGATION 
BY  OTHERS 


STA.325+00  TO  STA.260+00 


tT-Trxmm\ 


ALUE  ENGINEERING  PAYS 


tX  PI  -4  -200  * 


SILTY  SJWO:  Ntt*.  WIST,  fClHt*  TO  fine  e 
(X,  H  TO  I  INCH- 


v  %  17  XT:  Boo*,  icoiifl  SKA!  we¬ 


ll  17  IX  2S 


W  a*>:  **»«.  *€T,  C0W51W. 


i 


SNPVM'.IY  5tR0:  'Mo*.  NfT,  NED!  IN  G»AJNB>- 


VHBP  STCT  's«e',  «t,  cacsiw- 


l.L  °I  -*  2T  1 


sufi/silty  «m;  Grey.  moist. 


EXISTING  GROUND 

TH84-2301  STA  258*00  t 


DEPTH  LOO  ^  LL  PI  -A  -200  N 


sn  7  JP  07  5 


SILTY  SAN):  Brom,  wist,  loose.  fi«  ouiikd  smd- 


SA7T>:  Brohn,  moist,  loose,  fine  gmiico  sam>. 


ft  »  IP  1®  62 


.  SILTY  SAN):  Dark  grey,  met,  loose,  fine  grained  sand, 

H  NP  1®  57  sort  cats  ion- 


SAfl:  Slack,  organics- 


SAIOY  CLAY:  Daw  grey,  moist  to  net,  stiff  to  soft,  sat 
Cl  41  1®  75  ORGANICS. 


SVOY  CLAY :  Liafr  green,  must  to  net,  stiff  to  scft, 
CM  51  75  100  76  sohf.  gravel. 


EXISTING  GROUND 

TH85-2505  STA  ?”*50  L 


TH83-23Q3 


DtDTrt  LX  ’t  LL  PI  -A  -?0H  1 


SILTY  SA!0:  Snort,  moist- 


SAit:  >RT»,  M0 1 S T,  CAVIMI 


•L  5)  «  15  1M  *8 


SILT :  *V)|st,  cohesive- 


SAND MLTV  SW:  'iREY,  moist,  fine  grained- 


U.  L  ARMY  BIO  INI  Mitt 
LO*  AMOUR 

cam  OR  CNOMBS 


SANYA  ANA  RIVER  MAMSTEM,  CALIFORNIA 
PHASE  S  OBCRAL  OESSN  MEMORANDUM 


I  SEE  PLATE  23  fON  LOCATION  OP  TEST  HOLES  ANO  TEST 
TRENCHES 


2  3ft  PLATE  BA  PON  LEM  NO  AND  CLASSIFICATION  SYSTEM 


LOGS  OF  WVESTOATIONS 
CORPS  OF  ENGINEERS 


3  MI  THU  •  row  DAT t  OWU.CO  OP  EXCAVATED  ANO 
TTPt  or  EQUIPMENT  UEEO 


STA257+00  TO  STA.227+50 


4  ALL  TEST  HOLES  ANO  TRENOCS  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTNERWMC  NOTED  AS  *  INVENT’ 
IN  THE  CHANNEL  ANO 'EXISTING  8ROUNO*  ON  BACK  SIOE  OP 
LEVEE 


i 


v 


100 


i  iff:  ENGINEERING  PAYS 


TH  83  2305 


SILIY  SAND:  "01ST,  fine  grained,  some  GRAVEL¬ 

LY  O-AY :  3R0MN,  DEICE,  COHESIVE- 
-1:'>  SAND:  GflCV,  NET,  FINE  CRAItCD- 


TH  83-2307 


THB  5-2307  STA  217*00  L 

DEPTH  LOG  It  11  P|  -A  -200  N 


?  NP  99  IS  Slt-TY  SAW):  BROW,  HOIST,  MOr-COFCSTVE,  HEDUK  TO  ftm 

6 RAINS- 


7  NP  *  21 

”5  If  9?  EF  ypMft.'N  swot  grwel  to  2  inocs- 


9  W 

3 

100 

29 

8 

IP 

MO 

92 

10 

NP 

100 

19 

6  If  95  20  21 


m;  ')>«(  mom,  cocsive- 


13  G>  100  39 


SC  39  A 1  17  100  96 


16  SBC :  fiREY,  HOIST,  ORGAHIC  1EU.. 


SILTY  SAW):  Grey.  ter- 


CLAYEY  SAND:  GREY.  *€T,  cacstvc- 


*91  W  100  SO  S*W  CLAY;  Saw  as  , 

5 


TA  ?l»r“T)  r  EL-  IB* 

p|  9  7X  3  Oesompticfi 

S*!.r»  SAW):  finer.  HOIST,  OTfcIS  TO  12-IHCH- 


1  SEE  PLATE  FOR  LOCATION  OF  TEST  HOLES  AMO  TEST 
TRENCHES 

^  SEE  PLATE  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM. 

S  SEE  TABLE  FOR  OATE  DRILLED  OR  EXCAVATED  AND 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  UP  OH 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  "INVERT" 
IN  THE  CHANNEL  ANO  "EXISTING  GROUND*  ON  BACK  SIDE  OF 
LEVEE 


SCALE:  |  m*SFT 


U.  S.  ARMY  BlOtRB  *R» 
LOS  ANOBB 
(X»PI  Of 

SINT,  AN*  NIVCT  NANSTDA  CALWNHIA 
PHUCS  SWENAL  0£S10N  *NONA«X* 

logs  of  nvestigations 
CORPS  OF  ENGWEERS 

STA.226+00  TO  STA.216+00 


I  me.  «a  OACWO*. _ a - 


VALUE  ENGINEERING  f 


TH»-2M2 

EXISTING  GROUND 

TH83-2309  ST*  21M0  L  a. 


DEPTH 

lo6 

ft 

LL 

PI 

-4 

-2X 

» 

Description 

SlllY  %M: 

Boon,  HOIST,  WrCOHESIVt. 

Srt 

IS 

IP 

9/ 

56 

30 

5.C 

1*1 

NP 

IX 

29 

m 

11 

54 

42 

IS 

IX 

76 

13 

SANDY  SILT: 

Srcy,  hoist,  cohesive. 

-8.0 

SM 

» 

NP 

IX 

16 

2 

SlllY  SAND: 

UREY,  NET,  W*rtO«SIVE. 

11A 

13377 

71 C 

317 

727 

UREY. 

TH83-2332 


TWT-2IS!  ST*  1*40  I 


no*7« 

UK 

ft 

U 

DI 

-4 

-200 

N 

DESCRIPTION 

91 

7C 

9 

NP 

99 

X 

SlUfr  SAND:  Show,  HOIST,  NOR- COHESIVE- 

it 

5 

•P 

nr 

IX 

-nr 

2? 

si 

J-a. 

91 

6 

*> 

99 

16 

16 

SILTY  SAND:  BROM.  hoist,  hwco^sive. 

5 

p 

99 

6 

10 

SMD/SHTY  SM":  I.j*wt  BROW.  NOH-aJCStvf. 

SP/SK 

4 

NP 

IX 

8 

4 

IP 

99 

8 

SAN:  Suer. 

Nr 

9! 

~~T~ 

26 

V 

99 

26 

8 

SILTY  SMD:  Mo*.  «T.  urn*  COCSION- 

SP/W 

24 

<P 

IX 

6 

8 

SaPT  SILT;  Kmi.  net.  ohiul_ _ 7 

SAO/SILTY  SMO:  Grey,  *»CN-a»esrvE. 

214L  __ 

24 

0> 

IX 

7 

9 

SW:  IRQ*  WE*,  wuntsiv*. 

2341 

rr 

SB.i:  morn,  cocsn*. 

ajl_ 

ji 

shwt  W:  Met,  cr*«rw'  — 

2S.-.Q  . . 

_ 

~  24 

59“ 

MW  CL*Y:  brim,  onNsrvt. 

~w 

#4 

40 

0 

IX 

M 

6 

* 

IX 

#r 

16 

TH83-2340 


THBJ-Z340 

STA  20M)o  R 

el-  34* 

DEPTH 

LX 

It 

a  a 

-2X 

N 

DESCftlPTKM 

SILTY  SMB:  8*0*.  HOIST.  HCH-CO€sivi 

14 

P  99 

24 

44 

n~ 

mr 

IT 

25 

3N 

39 

NP  IX 

20 

SME:  Light  bro*.  later®  nith  oakei 

11 

NP  X 

19 

8 

7 

“X 

IP  IX 

7  v  in  " 

44 

— T 

8 

SNp/SlLlj  SMP:  llGKT  BR»*.  Tllg  aft 

_ 3L_ 

— dtJt 

rsc 

SOV  flB:7!l6HT  imw- _ _ _ 

SMBAILTY  SMD:  itsur  mom.  mnnm  t 

I6?Q . 

SP/^t 

27 

V  IX 

10 

9 

za 

P  ix 

56 

SILTY  SMD:  Omk  mam- 

4  19-0 

S* 

34 

4B  IX 

27 

SAft;  MO*.  HCW-COCSIVE- 

n — 

IT 

m 

L13 

72  53  IX 

S8 

SHfn  SILT:  Nromh ,  OCSivE- 

24-i_  , 

SH 

26 

P  IX 

23 

SILTY  SMD:  6*EY.  fINE  grained.  ohg* 

jyu_ 

SP/SH 

P  IX 

9 

SMDAIL*Y  SM«:  Grey,  Hhe  TO  -trit* 
COCSIVE- 

INVERT 

TT79-6 

STA  199*00  C 

TT79-6 

a-  16* 

DEPTH  LX 

9C 

P| 

*4 

-2X 

N  Description 

11 

P 

98 

54 

SILiY  5W:  6*CY,  notst- 

SN 

16 

P 

IX 

41 

SA-^:  *4 nm.  hoist- 

7:2 _ 

y/s* 

20 

P 

IX 

10 

SMD/SILTY  SMD:  ttao*.  «ct.  gp'XM*** 

10.0 

_ 

_ __ 

THfi3-2?n 

TW3-2311  ST*  200*00  L  FI  -  3* 


u  2*  *  100  *6 


SILTY  SANO:  Bn«.  hoist,  «  to  3  inches- 


SAME:  LffiHT  MOW.  WIST,  ®J<*  TO  Fim  8SAIWD.  6JWEL 

to  1-1/2  mocs- 

SAfC:  9*am,  WIST.  6ft*EL  TO  3  JNOC5- 


12  NP  100  31 


smrn  SILT:  D«K  MOM.  WIST.  SOC  COHESION.  SCHE  MAW. 
TO  3  INOCS- 

SILTY  SAM):  LIGHT  MOMN.  WIST,  FINE  MAINS)- 

SJW:  LIGHT  MOM.  WIST.  COHESIVE- 

SANDY  SILT:  SltEY.  NET.  SOFT.  COWSIVE.  so«  noon- 


VALUE  ENGINEERING  PA 


NOTES- 

I  SEE  PLATE  23  FOR  TEST  SITE  LOCATIONS. 

2.  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 

FROM  WHICH  THESE  LOGS  WERE  TAKEN  ALL  LEGENDS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS. 

3.  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE 


ELEVATION  FEET 


hip  ENGINEERING  PAYS 


— 

— 

l  Of  EX1 

IT  INVERT 

I 

mJ 

0 

- - 

_ 6 

, _ 

« 

_ 8 

s 

1 

_ 8 

< 

— 

_ 1 

- - 

^  PROPOSED  INVERT 

-1 

* 

t 

— 

— ■ w 

l 

— 

l 

t 

S 

♦ 

- ^ 

K 

— 

• 

a 

« 

— 9 

L 

9 

1 

« 

- VI 

a 

X 

* 

i _ i - 1 - - - 1 - 1 _ a _ i  _ i _ i.2o 

*5  **»  05  00  149  140  139  130 

PROFILE 


»2  SCAlE 


?0Q  0  200  <00 


FEET 


SCALE 


FEET 


* 


NOTES: 

I.  SEE  PLATE  •  PDA  LESENO  MO  GENERAL  NOTES 

2  SEE  SUBSEQUENT  PLATES  *  TW  PLATE  NUMBER 
SERIES  FOR  LOSS  OF  INVESTMATONS. 


DATUM  IS  NATIONAL  6KOOCT1C  VCATtCAL  DATUM  OF  ISSS 


sanoiwN 


SANTA  ANA  « IVtN  MASTSTIM  CNJFOMNA 
FMASEI  SBIOUL  OOSN  MCMONMOUM 


PLAN  AND  PROflLE 


STA.  195+00  TO  STA.  130+00 


TH83— 2401 

TWJ-7W1  STA  190*00  l  a.  3U 

IPTH  LOG  W  a  PI  -9  -200  N  Description 

SILTY  SAM>;  BRO m,  NOW,  NCR-COCSTVE,  FIX  6RAINB1- 


s* 

7 

x 

M 

30 

9-5 

8 

w 

100 

27 

8 

X 

100 

99 

W 

12J1 

15 

X 

99 

55 

5 

X 

97 

20 

<91 

6 

X 

100 

39 

m _ __ 

10 

- 

100 

2® 

SAMY  SILT:  brow.  wist,  fix  grained.  mo  gr*el- 


SILTY  S4BD-.  Light  MWi,  MOIST.  fix  GftAlXD.  «w 


Y,  MOIST • 

,  UrF.-a»csix,  p/me  5wj5§>r“ 


SAMV  :  S«Y,  NTT.  COXSI/E,  MIME  SO 
SAW:  9«v,  XT,  COXSIVE.  MIME  GRAIXD- 


a  3n  29  7  IX  55 


S*WY  CLAY:  Srev,  XT.  fix  SRAliO- 


2Z4 _ _ 

1  35  29  A  100  52  SJN1"  t|ij:  '*&,  xt.  cocsix-  Cwub  at  ?9  ft. 


THft3-24Q4 


T<J*2*0» 
DEPTH  LOG 


W 

LL  •! 

*4 

-200 

10 

X 

99 

18 

9 

X 

91 

n 

5 

X 

IX 

19 

* ^ 

a-  3o? 

Description 

SILTY  SAMI':  fc»OW.  noisy,  loose.  XDILN  grained, 


*  I*  15  23  SAW:  U*fT  BRIM.  NOISY,  fix  GRAINED.  W  0MXL- 


IT  SAW  PtoOM.  i AVERS  OF  COXSIVE  SARD*  SU.T- 

^  ’DO  25  ^  9CCAS.ONAL  GRAXL  TO  3/A  J«0*5.  NOr  Cr»€SJV?  ■ 


X  «  ME*  ^2‘^'l-TYSAPi’)_ Brow.  N5IST  IO»-CO€SIX,  MEDIUM  TO 

w  95  12  34  FIX  GRAIXD,  sot  CCMLES  TO  5  INOCS- 


IHO  28  SILTY  s m  Brow,  noist,  Naw-cocsix.  Fix  iwaixd. 

>5  sox  «(*  FRAGXMTS.  NO  OHMffl  ■ 


5 

n 

X  91 

9 — T?  nr 

9 

t 

22.5  W 

12 

x  97 

19 

*  ^  *  SWW/5ILTY  VM:  1.1*0  WORN.  NOISY  TO  XT,  «*D1U<  TO 

2=  a  ml  » 


**  12  •  97  19  5IL1Y  SANT):  Xow.  net,  tDiii*  Waixd,  l»Xi«  or  lk 

- - - —  ULL _  _ 

5AWY  SILT:  dm Y.  XT.  SOFT,  FIX  GRAINED,  COtSIVE- 

*  *  »  3  100  n  9 


0*  50  SB  25  Iff)  g  S***  ^  6*Ey'  XT-  *»*.  MX  MRA1XD,  OBXSIX. 


VALUE  ENGINEERING  PAY 


TH83-243£ 


THS5-2M2  SIR  18540  R  _ A-  Sit 

BPS*  L06  nc  a  R|  4  -200  »  DeOTimoi 

SILTY  SAM:  MOW,  NED  HAS  GRA1NED- 


9  X  100  18 


4  X  100  9 


SJBDAILTY  SATO:  LIGHT  BROW,  XDIUN  GRAINED- 


2  X  100  6 


SAW:  LIGHT  BROW,  xniu*  GRAINED- 


SAW:  6REV,  (CIST.  XDIUN  G«*AIXD- 


SAMY  SILT:  Brow,  noist. 


Sfl  NP  100  40 


W  13  X  100  66  9 


SAMY  SILT:  BROW,  noist- 


X  100  66  SWOYSILT:  6«ey.  XT- 


INVERT  T 179-5 

TT79-5  ST»  1T?*50  C 

DPTH  LOG  W  .i.  5:  - 4-?00  H 


a-  is? 

ICSCRIPTi'W 


5AAWU.Y  SAM/SILTY  ««VFu  Y  sw>.  r,^ 
VEGETATIO*. 


SH  ?2  *  100  46 


SILTY  SW: 

Grev.  NOIST- 

ywr  silt 

GWV.  N3IST ,  SOX  COCSiOR- 

r  '  '  ' 

i 

LUE  ENGINEERING  PAYS 


TH83-2432 

a-  n* 

ii  fesotipnc* 

SILTY  SARD:  Pro*.  icdum  6rai*d- 

?S 

2? _ 

SARDAIlTY  SARD.-  Lisnt  a«o«.  WDUM  graj*d. 

8 

SAft  fiffEY.  ©1ST- 

8 

SAIf:  H5MT  9ROW.  *TMlM  GRAINED- 

SA* :  ^»EY.  ©1ST.  MED  UK  CHAIN'D. 

4  _ 

SWT  Sl'.T:  ffcCXN.  MOIST- 


iW»  SLT.  (tea*.  ©I ST- 

SWT  SIlT  :  SBEV.  ©T- 


TP 


EXISTING  GROUND  TH$3-24Q} 


T»J-2«J  s«  182-M  l  a-  1W 


DEPTH 

L06 

nc 

ll 

PI 

-8 

-2® 

n 

Description 

$P 

18 

NP 

<n 

16 

8 

SILTY  $MD:  BROW*.  NOIST.  NON-COCSIVE- 

8-P  _ 

IT" 

P 

~ TT5C 

IT 

ILiii 

7-0 

8P/SR 

g 

IP 

ion 

12 

6 

SARD/SILTY  SARD:  Rrqmi.  ©1ST,  ©»-CfltSIVE. 

M 

n 

% 

"IT" 

~Twr~ 

SARIN  n_AY:  Dnw  GIKv.  *T.  OTCSIVE- 

10 -0 

$P/SR 

7<J 

NP 

ion 

9 

11 

SARPAI1.TY  SARD:  SAtX*.  ©T.  MOM-r»€5IVE.  STTFPOi 

DRILLI©  DUE  TO  OV1©. 

TT79-5 


t\.  18* 


"Tf  SCR[or  I'K 


f 


•'■» WTi.1  T  '.Mn/S||.TY  wiwu  r  <«n  c*p,4  ^om. 


SOT  C9CSJCK- 


NQTES: 

1  SEE  PLATE  2  4  FOR  LOCATION  OF  TEST  HOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  «A  FOR  LEGENO  ANO  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  6  FOR  DATE  ORILLEO  OR  EXCAVATEO  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  'INVERT' 
IN  THE  CHANNEL  ANO 'EXISTING  GROUND*  ON  BACK  S'OE  OF 
LEVEE 


SCALE  I  WOFT 


tYMWX 

cnownoMR 

D*TC 

VWCNM 

REVISIONS  j 

U.  S.  ARMY  ENCNOR  OtSIWICT 

LOS  ANGELES 

CORPS  OP  WONHM 

oonMD  ir, 

SANTA  ANA  NIVEN  MAtNSTEM,  CAUTOflNIA 

PHASES  »»R>1  OESWN  ME«A»ANOUM 

LOGS  OF  NVESTK3ATONS 

CORPS  OF  ENGWEERS 

STA.190+  00  TO  STA.  177+50 

DRAWN  1* 

»*WT,0"'  5 Mm  k»ik.» _ ...... 

«*«T 

me  ENGINEERING  PAYS 


TH83-2406 

ST  A  170*00  L 

J_  ?\  -2®  » 


SJLTT  SM<n:  9KNN.  MOIST,  OCCASION.  GMTEL  U>  TO 
\  INO€S- 


■*>  99  »  ?  ,NOts- 

4>  ItI)  a  SWF:  rLfiw  s*«.  NO  S«»a.. 

M  31 

3P  97  & 


np  130  »  SJ«;  Pine  maimed  vm.  u«ses  cr  ghe»  silt. 

SArtE  iDisf  GO  aimed.  CHJ*  of  A/C  to  3  INOCS.  «*- 
f  95  23  co«sive 


w  59  19  S«f  Ur^r  SPOM.  At*  G0Ai«D  SAND.  NO  GM^EL.I.OOSE- 


TH63-24Q7 

TW3-2407  STA  157*00  l 

KPTH  LOG  «  LL  'I  -4  -M0  * 


9 

*> 

98 

35 

9 

If 

97 

14 

3 

If 

19 

16 

4 

If 

100 

11 

10 

100 

22 

58  SNC:  LIGHT  MOM.  NOt-C£>CSfVE.  GtUVEL  TO  1  INCM- 


SAN0A1LTT  SAMTl;  Light  mom.  wmi*  on  aimed- 


SILTY  SAND:  8wm.  met.  n»-CO€SIve,  ewiW- 


14  *>  100  IS 


T? — fj5 - 5WPr£F~'T5o*.  moist,  eocsrvs- 


.  moist.  co*csivf- 

TP — BO - ST  ^W-'TSr: 

to  ;»  87  i  I"**"  *®ev  "v-Asnc.  soft. 

7  IdO  71  3  $AN!>  1AT  :-*£v.  «ime  grained  sands,  c*i«  to*  a«ve- 


TH63-24Q9 


■7M<*7*O0L  *L.  2« 

pI  **  -7®  »  0ESCi»i«>riui 

SI'.JV  INF-  9bo«,  MOIST.  (Or  CMS  O'*. 


SAW"  S!  T  W»#1  MOIST.  EIMF  GRAIN©. 


<n  TV  -Aon  :>*r  mw*.  mtist- 


up  ;•■«  77 

V  lln  31  ’■}  SAJPJV  T|  -  iM,,  H5IST.  VM  COfSI*. 

•*)  I  .(1  ,,  SANA  #>•>*,  ^)isr. 


NOTES: 

1  SEE  PLATE  2 A  FOP  LOCATION  OF  TEST  HOLES  AND  TEST 
TRENCHES 

2  SEE  PLATE  BA  FOP  LEGEND  AND  CLASSIFICATION  SYSTEM 

1  SEE  TABLE  6  FOP  OATt  OPILLEO  OP  EXCAVATED  ANO 
TYPE  OF  EOUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CPEST  UNLESS  OTHERWISE  NOTED  AS  *  INVERT* 
IN  THE  CHANNEL  ANO  "EXISTING  GROUND"  ON  BACK  SIDE  OF 
LEVEE. 

scale:  mon 


**  W  Vm  +T,  c*»!**}. 

5  T.AT  V**.  M»r.  tvf. 

V 

V  ’'*&  31'.  f  worn,  wr 


BIVISIONS 

’  |  u.».  AMiT  iwi  oSrm 

108  ANOBII 

_ _ oom  OF  BWIWI 

SANTA  ANA  P IVEP  MAMSTEM,  CAUTOPNU 
PHASE  a  GOCPAL  OCMN  ACMOPAMXN 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGNEERS 
STA.  175+00  TO  STA.  147+00 

OATt  XZ 


VALUE  engineering 


T*3 -t*M  SU  l&SD  A  EL-  Ki 


DEPTH 

LOS 

NC 

ti 

PI 

-9 

-?x 

» 

Description 

12 

W 

100 

32 

56 

SILTY  SAND:  LIGHT  team,  MOIST,  non-ccmesive- 

SAflF :  n#*  team. 

95 

10 

■*> 

100 

42 

9 

9 

100 

38 

8 

$«:  Light  mm. 

ILfl 

* 

100 

r 

SP/SC 

0 

32 

11 

100 

12 

14 

SOND/QJTTr  SAND:  LIGHT  MOM.  MEDIUM  TO  FI«  GRAINED 

SAW.  MOM-COC 5IVE,  9  INCH  THICK  LAVER  CP  DARKER  EIRE 

SILTY  SMC  AT  13  -5  FttT. 

li-fl 

ILL,.. 

<P/SN 

9 

«P 

100 

3 

SN»n/siLTV  SMB:  Light  mow.  medium  to  pine  graiwd  saw. 

X19-0 

a 

51 

33 

ID 

100 

92 

10 

CLAY:  LIWT  6REY  TO  light  BRCMN.  COtCSIVE.  cI»C  GftAIWD 
SMC.  HATOR  AT  19-0  FEET- 

*3 

37 

13 

IX 

05 

7 

ZL5.  .. 

\ 

90 

14 

Iff) 

79 

13 

SAHTrr  SILT:  Daw  grey  To  mow.  moist.  cores!*,  Flic 
sraikd  smc.  acme. 

2Sd_ 

2Lfl _ 

a 

33 

92 

21 

100 

93 

W 

(1»Y:  Daw  grey,  wist,  or6MIC- 

» 

35 

9 

100 

37 

SILT:  LIGHT  MORN  ISM  GREY.  WIST,  SLIGHTLY  COCSIV*. 

3d  .  . 

51 

ir~ 

15 

TO 

~sr 

S*ff:  Daw  GREY ,  PLASTIC,  COWSTVE,  ORGANIC- 

a 

35 

99 

>0 

100 

05 

S 

SILTY  ELAY :  MoRIISH  GREY,  MOIST,  COHESIVE,  ALTERKATIMi 

4  INCH  LAVERS  OP  LIGHT  GREY  a  AY- 

XJ _ 

a 

33 

<p 

100 

52 

27 

SANDY  SILT;  fiRfY.  wist,  NOH-a>CSIVE,  fine  GR aiicd 

SAW- 

lid _ 

» 

29 

N> 

100 

37 

32 

SILTY  SAND:  6rE>,  CT,  NOn-CO^SIVE,  Flic  GRAINED  SAW- 

2d _ 

35 

•*> 

IX 

99 

USi-^iSL"0"'  !  INCH  LENSES  «rS  INCH 

SPACIW  OF  TMW  GREY  ORGANIC  SILTS- 

44 

30 

17 

100 

74 

9 

SANUY  Q.AY:  Grcy,  wt.  COCSiv?,  s»«u.  prABWnts- 

33 

92 

23 

IX 

79 

11 

SAIT:  Daw  grey,  many  swlls,  organic- 

_ 

— 

- - 

_ 

TT79-4 


INVERT 

TT79-4 


st*  i«hiq  c 


DEPTH  L«  IC  a  P|  ^  -Mo  n 


SANPY  SILT;  <>r£Y,  moist,  vb 


6  »  100  84 


lH  *  100  0] 


Ch  «5  «  50  100  91 


CLAY:  tREY,  iCT. 


ALUE  ENGINEERING  PAYS 


TT79-4 


U  <M  -4  -2«  N 


SWt  SILT:  GREY.  HOIST.  VEGETATION- 


»  100  84 


JO  IOC  *1 


aw.  fi«v.  <ct ■ 


TH83-2433 


DEPTH 

106 

RC 

ll 

PI 

-4 

-200 

N 

Descmptiom 

SH 

10 

««* 

too 

32 

SILTY  SAM):  LIGHT  B«Mf.  MOIST,  NON-OTCSIVE.  2  INCH 

SILTY  CLAYEY  L0*S  AT  3  FEET- 

J-Q 

45 

SC 

10 

n 

12 

100 

39 

OAYEY  SAP0:  LI6HT  BRCMt,  MOIST. 

64) 

19 

4 

W 

100 

24 

4 

SILTY  SARD:  MOIST,  non-ocsive,  »iuh  to  fine  grained 

SN®. 

SR 

6 

IP 

100 

42 

7 

SAME:  FtiC  6RAUCD  SAW)- 

9 

HP 

100 

36 

14.0 

16-0 

S>/SR 

3 

4> 

100 

10 

10 

SARD /SILTY  SAND:  MOIST.  MEDtlN  TO  FINE  GRAIN?)  SAM), 
NCN-COCSIVE. 

TOT 

m 

40 

51 

n 

100 

53 

12 

SANDY  SILT:  MOIST,  FINE  8RAIIO  SAW>,  SLIGHT  COHESION, 
HATER  AT  16-5  FEET. 

St 

TT“ 

“71“ 

“17“ 

in 

% 

22-0 

a 

36 

32 

10 

IX 

76 

10 

SANDY  CLAY:  LUHT  NXMi,  WIST,  COHESIVE- 

23-0 

■— 5T" 

"17“ 

w> 

1M 

46 

SILTY  SAND:  Sin.  «ct.  slight  qacsion.  fine  grained  saw). 

47 

ip 

“150 

^8 

22 

SWSTlf:  9m.  «ct.  slight  oxcsion.  fine  graucd  saw)- 

55“ 

~w~ 

150“ 

6^ 

SAIC:  Banish  grey,  net,  med  to  fine  grained  snd,  coicsive. 

33 

IX 

61 

SVC:  6»€V.  MOIST,  COCSIVE,  FINE  GRAINED  SAW). 

38 

<P 

100 

94 

14 

SILT:  LIGHT  GREY.  *CT. 

PI 

J6 

#> 

100 

51 

SANDY  SILT:  Slight  cohesion,  *cd  to  *inc  graiwd  sand- 

W~ 

W 

IX 

89 

SILT:  LIGHT  GREYISH  RAO*.  FINE  GRAINFD  SAW).  COCdVf. 

*>100  » 


ifLuL. 


*>  IX  43 


JT-  '  S  ¥■  ST 

RO  I1  185  51 

NP 

I® 

77 

45 

NP 

IX 

73 

IP” 

“TUI 

}) 

SILTY  SARD;  GREY.  hoist.  MON-a*CSlVS.  *I»C  GRAINED  SAW>. 


SjflL  „3/y  MEL*  ICI.  SLIfitflLT  flUUgfa _ 

SARirr  silt j  Grey,  hoist,  tarn  c&csux.  small  s*clls  «c 


SVC  SACTISH  MOM.  SHALL  S*€LLS  AM)  ORGAN1CV 


SCALE:  I  M-SFT 


I. 


* 


NOTES: 

t  SEE  PLATE  24  FOP  LOCATION  OF  TEST  MOLES  ANO  TEST 
TRCNCMCS 

2  SEE  PLATE  «A  PON  LEOENO  AND  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  S  PON  DATE  ON  I L  LED  ON  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TNtNOCS  WERE  SET  UP  ON 

THE  LEVEE  CNEST  UNLESS  OTHERVMBC  NOTED  AS  ’INVERT* 
IN  THE  CHANNEL  ANO  ’EXISTINS  SNOUNO’  ON  BACK  SIDE  OF 
LEVEE. 


mn 

mnmtm 

MX 

aAWOVaa 

REVISIONS  t 

U.  t.  ARMY  B4GMNI  Oft TBCT 

LOR  ANORB 

OOR  PI  OP  tNOMMI 

wwn 

SMITH  ANA  RIVER  MARfSTEM,  CAUPONN1A 

PHASES  SOCRAL  DEVON  ACNORANDUI 

LOGS  OF  NVESTKSATIONS 

CORPS  OF  ENQMEERS 

STA.  142+50  TO  STA  IJ8+50 

NUNMITTB  GY,  DATE  asw,  ^  ^ 

APPRCRMft  NIC.  NO.  6ACW0F- - 

"1 

ENGINEERING  PAYS 


0C68-BI 


fl£$g- B2. 


|  ^  ""AC  Pouement  and  base. 

. .  *  Compact  qray  tint  to  medium 
j  sand  with  cloy  bails— fill 


ttjt  |sV  Slightly  compact  gray  brown 
*  —  T%V  fine  sand  with  dandy*  si  It  foyers 

imjT^ZDQ 

j  ^  mrerbedded  very  soft  bloc*  and  blue  9r?y 
y  *  silty  clay  containing  abundont  organic 

rr-^.y  ,4A  4|  g  1  material  and  « lightly  compact  dark  tfray 
- j  | - ; - 1  silty  yery  find  Sdhd  ond  fine  sand 


-  Compact  blue  groy  micaceous  fine,  sand  wit n 
TTV~ y  302193.4  1  Silty  sand  layers 

Soft  qrQy  blue  silty  cloy  with  abundant  shells 

■L”:  >Q/ 

.^nU —  S'iar.tty  Com  pact  >nter bedded  very  fine  sand  :n<| 
TOi:  '^J^TJmtd  sond  with  thin  layers  of  silty  clay 


C/A—  rot r  yrby  b*ue  and  b'ocK  s*'ty  cloy  witn  srtiis 

;  EZ^\%jlIgESlI 

'l  ■  7*  —  Corr  po ct~to  dense  owe  groy  c« It y  fine  sond 

K  x  ot _  and  f  ne  sand  witn  several  thin  silty 

1  38'  I  I  A  {  j  23.7 1  -lay  layers 


CL  i3.0 

J  G.NJ 

EC 

cib?  z-se 

EE 

cm 

exs: 

A '  4  Brown  silty  *me  ha  med.jm  sand 

/ ■'  ^  -PgrK  qray  silty  clay 

3^01g4gl 

/  «•  lAot tied  gray  oryj  orown  silty  :ne»ard 

' /  a  r  ‘  Bije  gray  jilt  and  sil~y  clo,  + ye*  a 
due  gray  *>n%  -“and  with  ■'ivtr.i  r_,n 
2q.Qla2  ol  4 tamed  micoceous  :ayers 

TO*  _ Gray  due  S' 't  and  v  ty  clay  ayers 

A  H  >  |7bTI 

a-  -w — Slue  jroy  s»itv  fine  sand  _ _ 

-Dor*  gray  —ay  wth  jOanaont  sna'l* 

V  57n|qi  71 

OorK  gruy  cayey  coarse  sand  w>tn 
,  abundant  sne  's 

-/  H33E3 _  _ _ 

✓  ftay  sTTryTTrt  nj  w +l-h  -.every 

./"•  tr,n  >  *ty  'Qytrs 


- 

—  dlue  gray  -..Ity  Joy  wth  ,our  lor.* 

2lpEin)  ’***'■■’*'' 

s  - 

.  -> ru y  -•j»h  -oy«y  ••'ne  r.and  irJ  doycy 

'se  *+and  ay-rs 

-**-  ?'ue  -ire,  *>r.u  t0  rrvJt/fr-  -.and 
t— -  OarK  gra,  -«lty  .lav  v  th  .bvnjjn* 

'  41  sfVolJ  w  *  -tt  .  .t-  -  d 

Jr  ..  -t  -U>  ■  -r  •MoH  -'i'V  l.yg'S 

x  -»Q*le>>  o|—  p  J  -r  •  +y  -'O. LjLLlLi 


[/ _  -  5n«t  olue  gray  day  wit"  some  scga"-c  mar<r  at 

!~TT'  •>  u  J*:oi+i7l 


Dense  o  ve.  gray  f  .ne  sand 


NOTES 

I.  SEE  PLATE  24  POP  TEST  SITE  LOCATIONS. 

2  SEE  TABLES  4  AND  5  POP  LIST  OP  PE  PORTS 
FROM  WHICH  THESE  LOOS  WERE  TAKEN.  ALL  LEOENOS 
ANO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPORTS 


U.  ft.  AftMt  MOMEBt  MIK 
10ft  ANGUS 

_ oo«p»  op  weai —1 

SANTA  ANA  NIVEN  MA«STOe.CAUTO»KA 
PHASE  A  QBCNAL  DESMN  MEM0R4MXM 


3.  LOOS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  BENCRAL  SOIL  PROFILE 


LOGS  OF  INVESTIGATION 
BY  OTHERS 


STA.  195+00  TO  STA.130+00 

‘mtom.  Iimcmo.  mn» — » 


MATCH  LINE  _ _ PLATE  24 


ENGINEERING  pays 


MOTES: 

1.  SEE  PLATE  S  POM  LEQENO  AND  GENERAL  NOTES. 

2.  SEE  SUBSEQUENT  PLATES  M  TMS  PLATE  NUMBER 
SERIES  POR  LOOS  OF  WVESTWATCNS. 


OATVM  ,| I.MADOWAL  WQPITlC  VERTICAL  DATUM  OF  1»». 


UVIIIOHI 


U.&.  AAMY  ■  IPS—  Mina 


io»  ww 

OOtn  Of  MOM 


SANTA  ANA  N I  VCR  MAMSTEM,  CAUAONNU 
MIKS  QINCAAL  OCSMN  NtMOWWOUM 


PLAN  AND  P90RLE 
STA.130+00  TO  STA.60+00 


ELEVATION  FEET 


TH83-&53I 


VALUE  ENGINEERING  Pi 


TWJ-2S31  SU  1SWK  L 

KPIH  L«  It  LL  H  -*  -2*  • 


SILTY  SMb:  BMMN.  HOIST.  NCH-CWCSWE,  TODIlfl  TO  FITO 
GRAIN®  SATO* 


EXISTING  6ROUNO 

**3-2532 _  ST*  125*00  l 

DEPTH  L06  He  a  PJ  -4  -200  H 


S *t:  PJNE  GRAJTOD  SAW). 


SATOf  SILT:  0**  MM*.  HOIST,  SLIGHT  COTOSION* 


SVf  LESS  SATO  AS  OBPTH  INCREASES- 


feist,  "CDI UN  TO  File  MAIMED  SATO- 


SILTY  QJIY:  LIGHT  Grev  with  brom.  wist,  c 


•UIC/S1LTY  SATO;  IfelST,  NON- COHESIVE,  FINE  GRAINED  SAW), 


StfDY  CLAYEY  ^ILT:  GHWSH  BROW.  TOIST.  Cc 

GRAINS)  SAW- 


OAYFY  SAW;  lARC  GRFV,  SLIGHT  COTOSION  FINE  BRAINED 
SATO.  ORGANIC* 

S WO/CL AITY  SAH*:  **EY,  N0N-C3WS 7VE,  FITO  GRAINS)  SAW)* 


SHtn/SILTY  SATO:  Grf>.  TOt.  TON-cnMESiVf . 
»  *0*3  feet. 


SATOY  SILTY  C1.AY;  Grey .  COMfStVE.  'INF.  ™ 


*  »  52  7  100  77 

SC  *3 


CLAY :  Grey.  tot.  corosivt- 
SATOY  SILT. 


CLAYEY  SATO:  1A»  grey,  TOT,  NON-OOTOSIVE.  FITO  «AIW2> 
SATO,  STOLLS* 


sta  n/«5o  c  a.  U* 

*  U  >1  -A  -?(M  H  OESCRJRTIW 

SATOf  SILT:  6Rcv.  MOIST,  VEGETATION* 


TT79-2  STA  117*50  t  El.  Hi 

DEPTH  LOG  HC  LL  °1  -A  *  'H-scautkin 

1*  <W  1  SITO.  '>»€> .  MOIST.  VEGETATION- 

SP _ 

26  ino  ?  SNSE :  Hoist  TO  TOT. 


1*  w  ion  ji 


*5  SO  33  100 


CLAY:  Grey,  Mjist. 


UE  ENGINEERING  pays 


THS3—2533 


TH83-2532 


25*00  l 


£L-  12* 


’I  -4  -200 


Description 


20 


Bust.  ttBllUMAUP  sagi 


*DUH  TO  FINE  0RWWD  SJK>. 


SJHDY  5ILT :  BROW,  WIST,  NCH-OXSIVY,  FIIC  OR  AIMED 
SAW- 


S1I.IV  S*6; 


SILTY  CLAY:  LIGHT  GREY  WITH  BROM ,  MOIST,  CO+CSTVE- 


SAH0Y  CUWEV  SfLT:  6«yish  BRO*.  FOIST.  CtHESIvE,  PI* 
GRAINED  S/H3 • 


45 


100 


*  IT 


Q.ET  GPE>,  nates  at  13.0  FEET. 

■CH^S&L-AaB.  fCISI,  QgCStYE  "  ..  .  - 

3.W:  LISHT  WET.  VEW  COKSIVE,  S.IGHT  INCLUSKWS  CF 

SILL _ 

SILTY  S4PD:  Pi*  GRAINED  SAW- 


swftAp.n'  sat*:  *t. 


?<* 


air.  i»FY.  *t.  virv  axsivt- 

1! 

$AN0»  CLAY  "ark  GRCV.  axesivL  s*us.  orgmiic- 

5ARD/SJLTY  SAFD:  fmpt .  *t.  non- COME  si*.  S*LLS  "0.0* 

‘  W-T  FHT. 

SILTY  n.AY-  CrtNSIVC.  *1*  GRAINED  SAW- 

JJCt  SMP.  iter.  ct«  rcur  to  fi*  am*a  s/m>- 

TW3-25I3  STA  120*00  R  EL-  2» 

DEPTH  LOS  V  LL  PI  *4  -200  0  Description 


SP/SR  9  fp  100  7 


_LQ _  « 


13 

HP 

96 

13 

14 

SR 

T" 

~w~ 

“TOD — 

TT 

11 

tp 

100 

18 

9 

11.0 

IT" 

w 

"TOD 

sj 

SP/SH 

c 

IP 

100 

10 

10 

14.0 

30 

46 

17 

100 

69 

11 

H 

am. 

30 

42 

14 

100 

61 

12 

19:0. 

B4 

41 

61 

29 

100 

92 

22JL_ 

17 

CL 

44 

44 

IP 

wo 

W 

15 

76-0 

27-5 

CH 

38 

62 

34 

100 

44 

28-5 

44 

W 

~vr 

m 

* 

11 

30.0 

RM 

Sn 

81 

4? 

IX 

95 

12 

CH 

40 

52 

29 

100 

34 

134— 

~*r~ 

"~7T 

“TO 

sy 

11 

32  34  o  IDO  63  21 


SAW /SILTY  SAND:  fern*  TO  FINE  GRAINED  SAW- 

SILTt  SARD:  RED  UN  TO  fine  grained  saw- 

SAW:  BRN.  MOIST,  *D-  TO  FI*  GRAINS)  SAW.  NCM-COCSIVE- 
SAX:  Sky. 

SAX:  Brow- 

SARD/SILTY  SARD;  NOM-C0*SIVE,  FINE  GRAINED  SAW- 

OJWfY  SARD  SILT:  BROW.  M)IST,  FI*  SffAfWD  SAW. 

SWt :  NET,  TRACE  CF  Cu«r,  C0*SWE.  MATER  AT  13-0  FEET. 

CLAYEY  SILT:  Brow.  *T,  CO*SIve. 

SARt*y  SILTY  a*Y;  Brow,  wist.  co*sive,  fi*  grained 
saw- 


a»Y;  4»0*. 

MOIST.  SOME  NIST  COLOR- 

OAYTY  SILT: 

Brow,  moist,  ocsiye- 

a»YTf  SILT: 

Organic,  alack,  moist. 

SAKDY  Q.AY:  Bro*.  grey  aw  slack  .  cowsive- 


SANDY  SILT:  Da**  g*y.  *t,  co*sive,  fi*  grained  saw- 


1 


SAW :  Bam*  GRAINED  SAW.  S*U.$. 
4‘ 


SARDY  SILT:  fiREY.  COWSIVE,  SWLLS- 


SL2 _  _ 

V  *1  If  100  W  26  SILTY  SARD:  6rcy,  *t.  SWLlS- 

SLfl _  _ _ 


TT79-2 


SCALE:  I  So  5  FT 
JOS 

Lh  s  h=  e 


B  ■*  descrirtign 

1  SARD  s#e»,  MOIST.  VBCTRttON- 

?  Wist  TO  *T- 


gfilEi- 

1  SEE  PLATE  25  POP  LOCATION  Of  TEST  MOLES  ANO  TEST 
TRENCHES 

2  SEE  PLATE  8A  POR  LE8CND  ANO  CLASSIFICATION  SYSTEM 

1  SEE  TASLE  S  FOR  DATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EOUJPMENT  USED 

4  ALL  TEST  HOLES  ANO  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  GREET  UNLESS  OTHERWISE  NOTED  AS  ’INVERT* 
IN  THE  CHANNEL  ANO 'EXISTING  SROMO*  ON  SACK  SIDE  OF 
LEVEE 


REVISIONS 

U.  S.  ARMY  ENOMBI  OtSTUCT 

LQS  ANOCLES 

CORPS  OF  (NONMU 

■awn  ft. 

_ 

Will  ANA  RIVER  MAINSTEM.  CAUTOANIA 

PHASE  S  GENERAL  DESIGN  MEMORANDUM 

LOGS  OF  NVESTIGATONS 

CORPS  OF  ENQMEERS 

STA.130+00  TO  STA. 117+ 50 

mSWTTID  BY.  DAt| 

tmom, 

IWC.NO.  OACWOf- _ B- _ 

MKT  HI  MO. 

MET  | 

VALUE  ENGINEERING  PAYS 


msuaaaa. 


THB3-2S35  ST*  111*00  L 


TH83- 

2534 

DEPTH 

L06 

It 

a 

PI 

-4 

-200 

N 

Description 

EXISTING. 

T«H» 

GROUND 

ST*  115*00  L 

a-  n* 

PI 

13 

V 

100 

58 

SJMff  SILT:  *0NN,  HOIST- 

DEPTH 

L06 

It 

a 

PI 

-4 

-200 

« 

Description 

_U 1 _ 

_ 

47 

_ _ _ _ _ 

- — 

— 

- ■ 

16 

SILTY  SAM):  |KM|-«ICV.  HOIST.  NWCOWStVE,  IMOII* 

GRAINED  SMC.  SOME  GRR«-  TO  1  INCH- 

a 

17 

16 

16 

100 

57 

SAHTff  CUT:  Brow*,  hoist- 

31 

a 

K> 

100 

§  5 

25 

19 

TT- 

w- 

^6 

.  -  _ 

228 

28 

Sim  SAM);  8ro*.  HOIST,  PI*  GRAINED  SAND- 

JUL - 

It 

27 

8P 

100 

91 

SILT:  BROMN  TO  LIGHT  SMM.  HOIST,  NOM-COCSIVE.  fll« 

GRAINS) 

14 

25 

100 

44 

- 

It 

26 

12 

6 

100 

72 

4? 

SKCT  SILT:  6*0*,  HOIST,  NCS-COECSrvE,  *01 J*  GRAI*CC 

11 

If 

100 

17 

-ZiD - 

31 

41 

100 

86 

sun  CL*Y:  8RO*.  HOIST,  NCN-COCSIVE.  PI*  6*AI*0 

4« 

12 

SP 

11 

100 

41 

■ 

CLAYEY  SILT:  BROW*,  WIST,  Ct>€SIVE- 

72 

10? 

_ Jl_ 

16 

W 

41 

if 

100 

47 

9 

♦ 

100 

16 

S*lf :  1  INCH  L0*S  GR£>  SAKJ/SIlTV  SW«  AT  17-5  FEE 

1 

100 

89 

SILT:  6R£Y.  HOIST,  COHESIVE,  NATES  AT  16  0  EWT. 

ia-i— 

-it- 

_ 

_ 

SIK:  6REYISH  BROW*- 

5TITY  CUV:  O**  BROW*.  1  INCH  UB*$  LIGHT  ,o^y  MET 

100 

13 

SILTY  S*P\  44ET.  *T^_  NOW  COKES  IV6,  PINE  GRAINED  \MC. 

Mr 

— 

— 

— 

9 

GRAINED  SHffi- - - - 

CLAYEY  SILT:  6rey,  nater  at  21-0  peet. 

*1 

.f 

21 

41 

6“ 

c 

LOO 

X 

sp 

29 

¥> 

100 

r 

?6 

44 

74 

100 

_ 95_ 

CLAY:  SREY- 

SAKDY  CLAY ;  Src*  wc  Daw.  grey,  hicacihis- 

CH 

_ 1L. 

14 

SC 

23 

ion 

a*Y:  Srey- 

41 

7 

11 

* 

100 

52 

59 

SI 

IX 

80 

SWT  SILT:  ^REY- 

52 

100 

51 

10 

SAW*  SILT:  6R£Y.  *CT.  NCN-Ct»«StVE.  PINE  fl«AI*D  5WC- 

56 

IX 

60 

16 

S«0Y  SILT:  "lacx,  S*LL  f»«.hents. 

50 

29 

IS 

10 

100 

51 

9 

SA* :  So*  SMELL  BRAG*«TS. 

1 

51 

IX 

58 

CLAYEY  *010:  fiRff.  MW-gytSIYE,  MSU-  flUBIftlS: - 

TT~ 

7^ 

T 

-rar 

sr 

33- S 

SP 

V 

100 

50 

Sim  SNG:  Suet,  *t,  nw-o>csive.  pine  graj*d  sapt, 

SHEU.  HMSWETS- 

1?J - Z--Z- 

IX 

51 

11 

SAIL:  ''W  GREY  W*D  BLACK- 

46 

26 

ion 

90 

* 

a*T.  fi«v.  *T.  COWSIVE- 

— 

HI2C 

SAH0/SILTY  SARD:  Haw  grev  a«P  bla©  ,  nON-cxt-;-' 

SP-S1 

25 

IX 

n 

» 

30  PERC9CT  SHFLLS- 

27  SIi.fr  S*W:  nA(*  gw*  *e  w-HX.  *t.  "»ao„  * 
71  W  *>  10D  44  5n  "WCEKT  SMELL  ni*lWTV 


THa3-?535. 


a-  2it 


Pt 

-4 

-200 

N 

ttESCRIPTN* 

9 

100 

58 

4' 

SAXOT  SILT:  NWW.  HOIST- 

16 

100 

57 

$W"T  a*'':  4RW*.  NJIST. 

IT 

* 

i  go 

- 

28 

5!i.T>  SAND:  from,  hoist,  *■«  grained  swe- 

*> 

100 

*/ 

9 

:jp 

**1 

to 

!90 

T? 

IP 

11” 

L, 

•Vf  *  !Km  lC*£  grt'  SaMV'silTv  sard  at  17.5  feet- 
vLT  i'WEYISm  NtONM. 

^ti-Tv  PT**  "**  8WFH,  1  INCH  LENS  LIGHT  "iBEV  NED! UR 

1" 

100 

¥ 

1*1*  5;V:  5(?eY,  water  at  2J.0  ner. 

.  42 

iU 

» 

5ner. 

23 

no 

..53 

1’*P>  "  "’*fv  A®  3AR-  G«fY.  H|CACI<tl$- 

JSL. 

jqi _ 

;j’  5be>. 

* i 

IX 

«; 

-wiv  rj'.T  'w. 

♦ 

I'T* 

V 

s*r>  fJ>.T  9L*C*. 

9 

it: 

TV - 

>. 

— 

Af  'W  .W£Y  <*r  §ln*. 

9 

liiH  "INV  5wfv  *fC  1LAC*.  •OrCT»«SrV‘. 

v„  bebtrct  s*#lls- 

— -  —4 

9 

nil _ _ _ 

.1-^  ■l”T'  ’'AN'  GB(V  *NC  ftL*a  .  WET.  TRACE  nr  a*. 

i  "fBcor  t*#u  «*<wrrs. 

y  ■  _ 

,W  !>**  GREY  AND  tuo.  *5t.  ■  . . 

SJL  ^iai  imni.  J.:  _ 

TH83-2536 

THB5-2536  ST A  110*00  R 


DEPTH 

L36 

* 

IL 

PI 

-4 

-200 

n 

OescRiPncR 

SW 

16 

PF> 

100 

n 

SUJY  SAFI1:  Hoist,  hch-cmhesiy^ ,  iwdiih  to  fhc  gaaihes 

J^5_ 

— 

— _ 

_ 

20 

JJL. 

SK/S" 

16 

IF 

100 

i? 

SAW-’  Light  brow,  noist,  4  inch  l»e* 

SN«W  SILT  AT  7.5  EFET,  TBt  3/8  INCH  GM®.- 

8 

NP 

100 

40 

53 

M0,S7'  WN-COHESIVE.  4  INCH  LAYER 
l*DJlH  TD  TJNE  60 AIMED  SAND. 

SA*E:  LAYERS  OF  FItC  GlUiNED  SANDS  AND  SILTY  SAMS- 

SP 

5 

9 

100 

36 

13 

17 

« 

99 

31 

10 

5Aft:  HW5  SlLT  AS  OEPTH  INCREASES- 

18-0 

27 

68 

36 

IX 

30 

M 

■  Fore  silt  as  repTH  increases. 

'H 

54 

7T 

LX 

50 

M 

SWT  CLAV :  5REY  NO  BOO*.  N3IST.  COCSIVE- 

2Q.-S.,, 

1LZU 

n 

43 

60 

V 

IX 

56 

13 

TlMfy  SILT :  5BEY-BRONI.  C«SIVE.  WATER  AT  27.0  FEET. 

2M__ 

39 

*2 

39 

100 

97 

?0 

(LAY;  Ojfy,  UfST. 

O 

53 

62 

59 

IX 

6“ 

WWFW0.AV.  Sa«,  UGHT  OBEY. 

ai.. 

4 

r- s'cy  5ii.T;  r,o«>,  oxsive.  s*flls.  organic. 

n 

56 

73 

4? 

IX 

47 

s 

ill. 

1 

33 

13 

? 

IX 

55 

;«?T  SJL T :  "AW  5BET,  N31ST.  SLlXT  COMESICH,  S*®LLS. 
3RGANIC- 

iti_ 

6 

SkT*  SMH:  0a«  3REY ,  HET,  'WC'BCSIve.  VCLLS- 

5P 

TP 

•c 

11" 

15 

390 

39 

<P'5H 

23 

9 

17 

4 

5»F0A|LTV  9R«Y.  ET.  NTWCOCSIVE.  S3NE  SWLLS- 

_ 

HLfl _ 

1 

il _ 

9 

IX 

n 

SP 

29 

9 

IW 

79 

SILTY  SAPr*:  1n»  SREv,  «*t.  fine  3BA1*€D  SNIP- 

iLfl _ 

20 

SCALE  I  W«JFT 


NOTES. 

1  SEt  PLATE  29  FOR  LOCATION  OF  TEST  HOLES  A  NO  TEST 
TNENChCS 

2.  SEE  PLATE  «4  FON  LEOEND  AND  CLASSIFICATION  SYSTEM 

t  see  table  s  for  date  drilled  on  excavated  and 

TYPE  OF  EOUIPMCNT  USED 

4  ALL  TEST  HOLES  A  NO  TNENC»*S  WINE  SET  UP  ON 

THE  LEVEE  CHEST  UNLESS  OTXNWWC  NOTED  AS  ’INVERT' 
IN  THE  CHANNEL  ANO  ’EXISTING  9NOUNO*  ON  SACK  SIDE  OF 
LIVE* 


rma 

1 

BAN 

*IHOV*L 

RIVISIOMI 

u.  i  anmy  MOtmt  mma 

109  ANQCU9 

QO NFS  OP  B40MMS 

SANTA  ANA  NIVEN  MAINSTCM,  CALIFORNIA 
PHASE  2  OENENAL  DOWN  MEMORANDUM 

LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 

STA.1 15+00  TO  STA.1 10+00 


~r 


DATI 


IPK.NO.  DaCWOR- 


igfcas? 


DIPT?!  LOG  1C  LL  PI  -A  -200  N 


Description 


16  J9  20  100 


S Mfi  CLAY: 


21  AO  15  100 


SMC:  Limtt  bkmi,  hoist - 


SILTY  SMB:  it&rr  brow,  HOH-c&tsiv*- 


16 


SP/SC  17  25  6  100 


*.  1*  29  6  100 


A5 

58  28 


SILTY  SMTO/CLAYFf  SW>:  Aromn,  WIST,  noh-COc$iv€. 


SILT;  lhw  baow,  hoist,  1  inch  lws  clay, 
l  INCH  l - - 


a  21  A1  22  100  7S  26 


SMBY  CL*T:  LIGHT  BROM  To  BROMH,  HOIST- 


SH  13  HP  lOQ 

"It - 32 — V — 21  HP 


SILTY  SAPD:  Grey,  hoist,  WN-cortsivE- 


SWH  a. AY:  brow.  hoist,  cacsivc,  172  inch  iSrfwinBTf 

SILT  LENS- 


CLAYTY  SILT;  flACMt.  WIST.  CO»€SIVE,  OROIHIC.  SULF& 

*  si  so  !S  in  * 

l* 


CH  A?  65  37  100 


m.  HOIST ,  cr*csrvc. 


Hr 


sAirrr  SILT:  6reviw  brow.  <ct.  ncn-cocsive.  hater  at 
26-3  FffT. 


32  37  b  IOC 


SILT;  SMC.  G*EY • 


3Q-Q 


*  100  15 


SILTY  SMB-  SREY.  *T,  NON-CWESIVE.  fen  wva.  S*Cll 

FRAWCNTV 


Js-O 


jls _ m 1-26... 


jp-iaL. 


*  26 


ILL. 


V'V  ?9 


UL  is 

15 

‘  31 


SWTST'.TY  SMin:  Grey,  net.  NOWCCMESIVE,  AO  (WENT 

SULL  fflAgML-— _ _ _ _ 


SILfr  SMB.  Grey.  **T,  non-cocsivc.  A0  percent  9m. 
™* MCTTS- 


iLL_ 


*"0/s|i.rY  swm;  Grey.  »CT.  noccocsive,  70  pp»cprr 


no 

15T 


SMI0:  SAffY.  *T,  HON-C9CSIVE,  SMEU-  FRAMCNTS- 


TT79-I 


INVERT 

TT7^-l  STA  C 


DEPTH  lOG  HC  Ll  pi  -a  -200  R 


SILTY  SMB;  LIGHT  mom,  hoist.  mE0>  oaotth. 


-Ul_- 


33  A  1®  7A 


SMPY  SILT:  SR*v.  net.  NAT AT  7  0  FEET- 


VALUE  ENGINEERING  PA 


TH83-2538 


STA  JOHJO  ft 


DEPTH 

106 

K  LL 

PJ 

-A 

-200 

f! 

JJL- 

.  y/sti 

.9 

11 

11 

ff 

99 

A0 

20 

!*> 

99 

A9 

19 

SH 

12 

IT 

100 

Al 

15 

9 

AP 

100 

37 

0 

"TSS 

in 

11 

Pi  75~“ 

TtB 

" 5T 

SMKSim  SMB:  ana,  hoist,  warcatsigw- 


SILTY  SMI0:  Light  mow,  wh-ojcsive,  hediu 
GRAINED  SM®. 


SAfC:  BROW,  HOIST.  FINE  GRAIWD  SAW- 


SAIf:  SREr-BROMi. 


AP  99  1A 


W  S3  J<i  I®  77 


36  V  29  100 


$M®Y  a»Y:  Brow.  wist,  cocsive- 

CLAY:  Mater  at  23-0  fst- 


3i  UM  96  15 


H2LQ 


26 Sfl_  27  100  95  16  SILT 

B — 55 !?  im  *  s«: 

^=w^4 


m 


prow.  hoist,  cocsiv® • 
fiREYISM  980#*- 


mt*i.  casting  a bum:- 


SILT:  9MW  GREYISH  E 


Ijr 


32  37  12  100 


60 


SAP0Y  SILT;  t»AfcC  GREY,  COSES  I 'C .  S*CU.  ^irJ 


TT  30  SA*;  ORGANIC- 

SAIT:  fiRtr.  slight  cohesion 


AP  100  30 


19 


SAK0/S1I.TY  SMI0:  Grey.  *«t.  5"  percent  □ 


3LL_ 


3?  SARi:  Park  grey.  >tt,  75  be.rcmit  s^t..  n>. 
SA/F:  10  PCTKBtr  S>«ll  «AS«Yrs. 


17 


nr 

~?r~TT- 

“TT  TUT 

~W 

aiJi_ 

~7T 

^  H7T 

y^Y  SILT :  y*«f  GREY.  NET.  a>€Si -f  .'I' 
SKUFft  s»t  GREY,  >CT.  *e»’"rMr' 


SAWY  CLAY:  ILAOT.  *T.  ORRMMC  9Hx- 


yjjE  ENGINEERING  PAYS 


t] 


TH83-2S38 


T  SU  100*00  R 


LL  PI  -4 


t 


|t  *>99 


Ei-  m 

Description 


ywn/siiTT  ««L-  Brow.  mist.  mrcatsia- - 

OILFf  54RD:  LIGHT  BfiO*.  WM-CO€SIVE,  *311*  TO  FINE 
5BWN6D  S *©■ 

wo*.  moist,  fine  graiwd  saw- 


* 


1 

r 

■r  j'. 

1 

«P 

;n  f' 

f 

■« 

tst  "«r 

r: 

- 

IT 

\ 

IP 

V)  1- 

L 

24 

LOO 

'BlfY  rL»l  Wo*,  hoist.  ccxcsive- 

L 

29 

Iff  A 

H.AV  4aier  at  23.0  cffT- 

r 

I  "* 

An 

Iff  *■ 

f 

~ 

il_  .Ji. 

^BON.  WIST.  C»«SIVY- 

r 

.LX.  ..  ?L 

\Vf  '-OFfl SH  BIHXN • 

hr-»-jh=fr 

j)A»  BROW.  COCSIyt.  ORGANIC- _ _ _ _ _ 

i  r 

7T 

«P  12  :x  '■ 

-.wc*’  <; 

IL?  -■'AW  «ev.  CT*CSJVE,  SH-LI  «*NW<TS- 

■  t ir~  -r'  « 

'Af 

■'R6Y.IC- 

■;»w 

r*?v.  slight  coesion- 

V  f  '*■'  ’  Wn  ■' :  rv  SARD  Oarv.  <T,  Sn  «?«CWT  n*wr«. 


Hi  y  ~Ut,  ,P*V.  O»«C0|T  Wu  *P«*TTS- 


'H*  PERCENT  *R**ITS. 


TT84-2581 


INVERT 

TT84-2581  STA  98*00  C  fl.-  8» 


DEPTH 

LOG  RC 

a 

PI 

-4 

-200 

*  Description 

Ui 

kfl _ 

y/» 

*> 

100 

5 

SABD/SILTY  SARD:  MULTICOLORED,  hoist  to  net,  red  hi*  to 
PINE  GRAINS)  SAW,  OCCASIONAL  CRWSL.  WATER  AT  1-0  fST- 

It 

53 

6 

100 

62 

5WTOT  SflT:  PMK  SRCMH.  *€T,  COWSIVE- 

-S-Q 

04 

85 

54 

100 

93 

&»Y:  LIGHT  GREY  WITH  BflO*  MO  RED  VEINS  OF  ORGANIC 

material,  cocsrve 

SR 

V 

100 

29 

SILTY  SARD:  Daw  SfiEV,  tCT,  COCSIVE,  F|«  GRAINED  SAW- 

10 -Q — 

TW*V'T.T  ’"aw  iar>,  I*r.  cOESIvf ,  P  PEHC0<T  SWLL 

WWr  7WT  'aw  Set,  icr.  few  s>cu‘  fpn-vwts.  “ 


1  SEE  PLATE  25  FOR  LOCATION  OF  TEST  HOLES  AND  TEST 

-  tv.hCS 

2  SEE  PLATE  BA  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  S  FOR  DATE  DRILLEO  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  MOLES  AND  TRENCHES  WERE  SET  UP  ON 

THE  LEVEE  CREST  UNlESS  OTHERWISE  NOTED  AS  *  INVERT* 
IN  THE  CHANNEL  ANO  "EXISTING  GROUNO*  ON  BACK  S»OE  OF 
LEVEE 


SCALE  I  W3FT 


REVISIONS 

U.  S.  ARMY  PNOWMR  OttTXKT 

LOS  AMOCLIS 

CORPS  OP  tNCNWJ 

04*  WW  IV. 

OMOORfft 

_ 

SANTA  ANA  RIVER  MAINSTEN,  CALIFORNIA 

PHASE  3  GENERAL  DESIGN  ACMORAMXJM 

LOGS  OF  WVESTK3ATKDNS 

CORPS  OF  ENGINEERS 

STA.105+00  TO  STA.98+00 

tUIMTTCO  IT.  OAM 

APPRO***. 

SPEC  NO.  OACwOV- _ *. _ 

osmct  ni  no 

WRT  | 

VALUE  ENGINEERING  I 


EXISTING  ground 

THB3-2S9  STA  95*00  L  1-  8 1 

depth  lo6  hc  ul  pi  ~4  -200  »  description 

SANDY  SILT:  B MOW,  MOIST,  tOf-COCSIYt- 

PI  19  »  100  65 


26  100  >8 


6  SWY  T.AY:  *0#,  NDIST- 


S*SV  CLAY;  MOIST- 

CLAY;  Grey.  HOIST. 


sw  SILT:  Sa*y.  moist,  *w-ct**s;ve.  hater  at  15-0  ft. 
S*d:  &REY-BRO*.  WET.  9G*  COCSIf*. 

SAtf:  <*EY.  HOH-<»€SrO(. 

S<*".  r’R6Y.  ««T.  4*'  *FW.9«T  s^LL  >1iWTs. 


M  <»!Vyi.Tv  <;«n.  c^,  <T>  ^  prpc^j  s^IL  c*K^r r-. 


I  SAJf :  CM»  SELLS' 


sun  '*cy.  >ct  ,  <1?  oriKBrr  s*u.  rpA6^»TS. 


2?  SAW  rArr.  »<T.  W  PERC6MT  SHELL  FWJC»«HTS- 
'  rAJt  ef*  S**U.  FRAG^^NTs- 


_ _  _  w 

•  */ 


v*c  «*>  <~«cwr  s*#u  fragt^yts. 


DEPTH  105  «C  u  pf 


10  29  i2  100  49 


6  “1  18  1T0  19 


?*  Ji  :r  no  67 


75 — 57 — rr 

79  5T — 7?" 


I 24 _ !L 

26  {? 

iw _ a 

45  h; 

W  ?0.fJ  CM 

29  Si 

2LS_ 

sc 

T7OT 

54  4-) 

79  Sfc 

7s  ‘ 

Si* 

29 

S 6 

SR  .'SC 

42J _ .... 

*  1 T  4J 

r  m 


a-  2Qi 

DESCRIPTION 

S^WtJ/SILTV  SAW):  LIGHT  bhcmh.  dry.  FtM 


CLAYEY  SAND:  BROMN.  HOIST,  F|*C  CT*I« 

SAJI:  BR3MN  **>  GREY • 

SANDY  H.AY:  DAI*  BfK>n .  MOIST,  FI**  G»j 


”7T  SAT:  BRO*. 

68  SANDY  CLAYEY  SILT;  Hfta*.  MJIST,  c1he  ; 

96  SILTY  CLAY.  wm.  hoist. 


SAflE.  LI6KT  GREY.  HATER  AT  21.0  feet. 
CLAYEY  SAW);  !Y»CMN  *rc  grey,  saturated 


SILT*  SAND:  I»AI*  SREY  AND  NJXET  M’y*  5 
s AT:  %  GRFr.  MNITf  BROEM  s>€Ll.t. 
SA«E:  DARK  GREY  KITH  W>0#<  - 
SAT.  0a»*  GREY. 


SAN0;  0**  grey.  coarse  to  fjhf  graihe 

=RAS»CYTS. 


'A*n/n_AYEv  SAN!):  !)**  GREy,  *«ite  s* 


HIE  ENGINEERING  PAYS 


TH83-254I 


NP  ion 


a-  20* 


_2£)D  N  DESCRIPTION 


SAHO/SILTY  SAW:  UGht  mo*.  DPv,  FIK  Grained  s mg- 


rUYP  SMO:  9rom.  hoist.  FINE  GRAIKD  SMC- 


i:  100  ■*? 


frtCUN  «MD  i *fy- 


•e- 


ft 

IX 

r 

r 

ft  7 

nrr~ 

J1 

I  '* 

"T  5T" 

j  m  t 

*  = 

100 

a 

l: 

IX 

* 

1)0 

T 

’.s 

IX 

• 

l 

LX 

«F 

* 


\T 


CRflW  'liV  D«*  BRO*,  HOIST.  FINE  GRAINED  SMC- 


OJf  Mkv*. 

'W'  'H'lty  <J1_T ;  Rtfo*.  HOIST,  'IK  GRAIKD  SMC- 

fj.**.  -,*0*  eotM,  «f>|ST. 

13! _ Waft,  TOST' - 

IMf  LIGHT  GRE».  WATE4  AT  20-0  FEET. 

U'TV  SAW)  9PO*  NC6REV.  SAnj»ATE1. 

MBM- "  inuzz 

'•■  **  SNIP  lAfly  3»T>  MG  NIXED  «1  rw  WO*- 
"SC  1A»  3KV.  «*]TE  BROfEN  SKUA. 

"VC  'MM  GOV  HI  TM  *f*ym 
'Xf  3PT»- 


'**  "MM  gov.  UMSE  to  'IK  3AAIKD  SAW).  SKLL 
^«>€nTS 


M"  \l*!'  ’NO  ~M*  <V>V.  1*1  TE  SWELL  *R*M9»TS- 


TH83-2540 


1*3-2540  ST*  90*00  R 


DEPTH 

L06 

LL 

-4 

-2X 

9 

X> 

100 

13 

8 

IP 

100 

24 

S* 

11 

IP 

100 

41 

7 

HP 

100 

29 

14 

«P 

IX 

38 

13-5 

4 

** 

100 

nr 

a 

24 

37 

13 

IX 

55 

IS -5  _ 

w 

Y4 

52 

22 

IX 

88 

18-S 

atr 

CH 

XT 

57 

1ST 

35 

nr 

IX 

nan 

91 

a  W  49  23  100  93 

2245 _ 

23- S 

CH 

39 

73 

47 

IX 

92 

SP 

31 

« p 

IX 

37 

26-5 

55 

18 

LX 

84 

EJM 

a 

HA 


9*  25 

■0  g7 

15 

3  65 

25 

t>  35 

II 

N 


12 


20 


17 


11 


29 


5* 


27 


19 


a.  2os 


Description 


SILTY  SWn;  LIGHT  MOM,  HOIST,  WDILH  TO  FINE  GRAINS) 
SAM),  NON-COCSIVE- 


SMC:  BROW- 


SMC:  LIGHT  MOM,  FINE  GRAINED  SAM). 


S«W  CLAY;  fi«EY-3»0NN.  N)t$T,  COHESIVE- 


SILT:  SREY-MONN.  hoist,  COKSIVE. 


CLAY:  n»w<  BROM,  HOIST,  COHESIVE. 


Grey,  moist,  stiff,  cokswe- 


CLAY :  LIGHT  GREY,  HOIST.  STIFF ,  COKSIVE- 


SILTY  SAW);  Pam  grey,  net,  non-cocsive,  organic- 


SAROY  CLAY:  Paoh  GREY,  NET,  HATER  at  30 -H  FEET  - 


SIlTY  SA**D:  Pam  GREY,  NET.  WN-COMEStVE.  COARSE  TO  fine 
GRAINED  SNTOS,  20  PERCOfT  SHU  frAGWWX.  ORGANIC- 


SWO/S 1LTY  $W:  n M K  GREY,  KT.  NON-COCS1VE.  10  ’’ERF0IT 
S>ea  FRAWdTS,  ORGANIC- 


’9  SMC :  9  PERCENT  SKU  'RAGf^NTS- 


SMC:  10  PERCENT  SHELL  FRMKNTS. 


2SR 


SCALE:  I  *A«»rT 


NOTES: 

I.  SCC  PLATE  25  PON  LOCATION  Of  TEST  HOLES  AMO  TEST 
TRENCHES 

E  ME  PLATE  «A  PON  LEGEND  AND  CLASSIFICATION  SYSTEM 

S  SEE  TAALE  «  FOR  OATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  Of  EOUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TRENCHES  WERE  SET  l*  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  *  IN  VERT" 
M  THE  CHANNEL  ANO  'EXISTING  GROUND’  ON  BACK  SIDE  Of 
LEVEE 


SVMMX 

wamjNR 

MR 

AWROVM 

REVISIONS 

U.  %.  ARMY  MGMBI  DISTRICT 

LOS  AMOtUS 

CORPS  Of  INOMEERS 

m*«m  n 

SANTA  ANA  RIVEA  MAINSTEW.  CAUTOANIA 

PHASE  S  GENERAL  DCSGN  WMORAWXW 

LOGS  OF  NVESTK3AT10NS 

CORPS  OF  ENGINEERS 

STA.95+00  TO  STA.90+00 

i"*™"  i«c  w  «wot. I  ** 

value  engineering  p 


TH  83-2542 


EXISTING  GROUND 

T*J-2S42  STA  8&H»  L 


TH79-IO 


EXgTlNG  GROUND 


DEPTH 

LOS 

K 

LL 

PI 

-A 

-200 

« 

Vaaiiprum 

DEPTH 

L06 

IK 

Li 

PJ 

-4 

-2®  N 

Ofscsiptiw 

*. 

15 

44 

7 

100 

56 

38 

S«wr  SILT:  A*o*,  mi  ST,  narcvtfsrvf- 

-Lfl — 

It 

14 

29 

6 

l® 

66 

SAIOY  SILT:  LieiT  MOM.  HOIST.  FIW- 

<■5 

2T 

-nr 

-rar 

— w 

S*€:  COKSfYE- 

(L-i_ 

SC 

14 

*1 

19 

100 

45 

394 

(LATH  SAND:  ftcrrsH  mem,  hoist,  scm  cuaps  of  silt. 

CL 

34 

42 

21 

1® 

12 

86 

SAW:  STIFF. 

8  -0 

S* 

3 

SO 

21 

100 

20 

SILTY  SAAB:  Siren  sh  ana*,  mist,  iwcocsive,  *ctua* 

TO  F1«C  GFAJkED  s*o- 

SAIt:  5«ET  PM  WITH  «UST.  HOIST.  fji* 

a 

21 

A? 

24 

ir 

n 

24 

SXOY  CLAY:  BmMt,  HOIST.  COHESIVE.  9CLL  F4A6ACHTS- 

1-0  . 

IL3_ 

9 

s*mrr  silt:  s*p  as  aw*. 

13  jL, 

* 

n 

M 

31 

100 

s? 

24 

8***  SILT:  BROMN,  HOIST,  Ct*CSIVE,  S*«U.  FH/WWS- 

32 

•P 

1® 

53 

SAIt;  6*EV,  «CT,  F1NA  TO  STIFF,  1NTEW 
F1IC  SAND- 

11S_ 

S4 

18 

6? 

n 

100 

48 

SfCTV  LIGHT  BPOHt,  HOIST,  NON-COHEslVE.  SOP  SHELL 

WWWT5* 

28 

*3 

21 

10* 

51 

24 

S AKTTT  CLAY:  fiAEV,  WIST- 

H  14-5 

15 

a 

39 

SAME:  LIGHT  QR£Y ,  *CT,  DENSE- 

23 

4? 

19 

100 

56 

so 

$AI€:  Slight  ogwic  9CU.  mate*  at  20-0  feet- 

1® 

73 

j LZjH 

"3“ 

17“ 

"Tr 

ifc 

6? 

S*IP:  5p£Y,  net,  fiqm  TO  STIFF. 

ZL5 — 

3? 

82 

M 

52 

T® 

1r 

18 

(IAt-.  Light  shet.  *oi st- 

10 

SC 

29 

A5 

23 

171 

24 

Q.ATEY  S*D:  I.IGht  g*Ev.  *T. 

SJ 

* 

I® 

«6 

iiLO— 

31 

■e 

l® 

2" 

25 

S’LTY  SW:  G»?v.  VET.  NON-COCSIVE,  F1HE  GHAl-d  SAM). 

S»€LLS- 

$* 

V 

SAW:  SCATTEHfr?  ’*«***'!.  IHTSOg 

?? 

•P 

1® 

56 

2? 

SAJ€  *BN«|C- 

30 

l® 

88 

M-tt-  . 

16 

sc 

29 

*1 

CLAYEY  SAHD  oSE* ,  >«T.  fine  G«AInE3  SAND.  SHELLS- 

Hj _ 

39 

15 

l® 

45 

Stirr  SAN"-  as  akjve- 

33-fl- 

1® 

17 

311— 

_ sn_ 

-a. 

m _ 

SrU  . 

ML 

£ 

m _ 

SAM/STlCY  SAND:  6 «fv.  *t.  <mu»,r. 

5*IC  Tver.  HOIST.  V«IT*  Op*SF. 

_ 

_ 

_ 

_ 

SW:  HOIST.  VE Hv  DENSE- 


6  KB 


TH79-FQ 

a-  ios 

-2QC  N  Description 

SWI  SILT;  llWT  BIKMN.  HOIST.  FISH- 

56 

CL *T:  s *e  AS  ANNE- 

1? 

SWT :  STIFF. 

^VC:  9REV  IWOM  WITH  RUST.  HOIST,  FJRN  TO  SOFT. 

SWfIT  <>[(.7:  S as  AK7VC- 

•T 

S«€:  9REY.  *CT ,  F|(W  TO  STIFF.  (kTERBCQS  OF  SILT  JW> 
F{*  SARD' 

S3 


15 

SWt  LIGHT  <3«y.  WET.  DEWSE- 

'.REV,  WET.  ei(M  TO  STIFF,  a.IWlT  HJCACFTIIS. 


S«f  SCATTERED  SHELL  fragunts.  interbeds  OF  silt. 


w>  \x  « 


'■VS*  $*"•  •*»*  AS  AKM- 

*>  iv 


TH83-2543  Stt  76»72  4 


DEPTH 

IOC 

AC 

a 

PI 

•A 

-200 

H 

DESCRIPTION 

S’ 

24 

SWffi:  UNIT  BROW*.  von/t  GRA1«7>,  HOT  COHESIVE  - 

9 

SUTT  SARD:  SRON,  NDIST,  NOfraXSIVE- 

12 

ML- 

SP/SA 

10 

SAUD/SILTY  SN(D:  Brow  to  liwt  brom,  fiin  to  inbiin 

WAItND,  HOH-CWESIVE- 

9 

5 

SAND:  LIWT  BRCM1.  GRAINED,  HWOCSIVE- 

12:0  - 

3 

SWE:  GREY.  DRY. 

US  . 

A. 

SILT;  RRCM.  wist,  COES  I  YE- 

CM 

37 

73 

40 

100 

99 

0_»T. 

16:5  - 

16:5— 

A. 

25 

SILT:  Brown.  hjist,  cocsive. 

CH 

40 

91 

54 

'30 

100 

CL  *T. 

21:5  _ 

A. 

35 

*1 

1* 

100 

99 

*!LT :  Water  AT  24-0  FEET. 

m± 

SP 

27 

*> 

130 

!«• 

MlTY  W. 

2L3_ 

04— 

SW1*:  '•RET.  SATmATP,  VI  PfPCEWT  SHELL  WAOEHTS. 

n$.. 

.  -01— I. 

SP/5A 

15 

i r, 

tt 

%mi%\in  s»ti. 

U  5— 

25 

52 

5VID:  "iRET .  satiated,  shell  fracwhts- 

?5  TS? 


'F5T.  HOIST,  vert  ne»B£. 


23 


26 

S3J? _ 


WQTCS 

1  SCE  PLATE  13  fOA  LOCATION  Of  TEST  HOLES  AND  TEST 
TRENCHES 

2  SEC  PLATE  SA  FOP  LE8EN0  ANO  CLASSIFICATION  SYSTEM 

S  SCE  TABLE  •  FON  DATE  DAlLLED  ON  EXCAVATEO  ANO 
TYPE  Of  EQU'PmCNT  USED 

*  ALL  TEST  MOLtS  ANO  TRENC»*S  WCAE  SET  UP  Op 

THE  LEVEE  CAEST  UNLESS  OTHEAWISC  NOTED  AS  *  INVENT* 
(N  THE  CHANNEL  A*0  “EXISTING  OROUNO*  On  BACK  SIDE  Of 
LEVEE 


■>T 


25  S/^  LAME  S*CLLS. 


scALt  t  in*  art 


.  . - 

rrMKX 

tmamom 

pah 

AMROVM 

tf  VISIONS 

u.  s.  asmt  mowew  otstna 

LOS  ANOCUS 

OOtn  Of  CNCMHRS 

anoMpvr. 

SANTA  ANA  AIVEA  MAINSTEM,  CALIFORNIA 

PHASE  H  OOCAAL  DESA3N  MEMORANDUM 

LOGS  OF  WVESTIGATIONS 

CORPS  OF  ENGMEERS 

MAWN  ■«, 

STA.86+00  TO  STA. 76+72 

IHC.  NO.  OACWO*. _ •> _ 


'(WKTNlNOi 


VALUE  ENGINEERING  I 


EXISTING  GROUND 


TH83- 2546 


TWJ-25%  STA  70*50  L 


DEPTH 

LOG 

nc 

a 

PI 

-4 

-200 

ft 

a 

l* 

j? 

9 

100 

81 

15 

3-0 

It 

31 

m 

lOO 

82 

ft-S 

0L 

ft3 

30 

15 

100 

«7 

5 

8-0 

77 

f* 

100 

98_ 

It 

M  11. Q 

V 

NP 

99 

65 

12.0 

21 

SN 

20 

NP 

100 

39 

2ft 

16-0  . 

25 

NP 

10Q 

18 

17.0 

3»/SN 

07 

37 

26 

NP 

ii 

,r 

SN 

28 

*> 

100 

15 

36 

SP 

27 

100 

IfHP 

3 

100 

2  * 

23 -C 

12 

SP/SN 

25 

*>  100 

5 

38 

31  -3 

33-Q 

SP 

25 

100 

3  9 

13 

SP/SN 

25 

">  100 

26 

R-Q 

38 

25 

100 

3  SN 

_  17 

?5 

100 

3  57 

_  21 

V 

25 

100 

t  31 

56 

?•» 

100 

3 

13 

ill. . 

25 

100 

35 

3 

37 

EL.  1» 


Description 


SANDY  CLAY:  8RO*,  hOIST- 


SMTf  SILT:  Brc*,  HOJST,  NCM-OXSrVE. 


CLAY:  BftQMN,  WIST- 


SILT:  BROW.  «T,  COHESIVE- 

SANDY  SILT:  SANE,  GREY,  MATER  AT  11-0  FEET. 


SILTY  SAND:  G*€Y.  SATURATE-!,  PCM-COCSiVE- 


SANE:  S»CU.  R)>W«NTS. 

SJ*TO/SILTY  SJPP:  rfftEY,  SATURATED.  SWU.  PRABJEKr?" 


SILTY  SW:  Grey,  saturated,  2  inch  lEns  OF  SO  percent 
SHELL  «TW«TTS- 

SA’C;  NO  LENS  <F  S»CU  FRASfENTS- 


SAND;  C*EY,  SATURATED. 


SAN0/S1LTY  SAND.  sat^ats )■ 


SAND;  GrE*.  saturated. 


SW/SP.TY  SMI);  Gm*y,  SATlRATED- 


SANT.  5A71RATET . 


TH79-S. 

INVERT 

TH79-9  SU67.40I 


KPTN  UK  1C  U  p|  ^  -200  ft 


SMD/S1LIY  SIND:  L«m  an am,  hoist,  loos 
SVSN  a  V  100  12  WC:  LWKY  SKY-  NMST,  MNSE- 


jjfl  _ _ _ __  A7 

CM  37  79  46  100  96 

ifl _ _ 

IS 


CUT;  LIGHT  SREY.  WIST- 

SAIC:  8RO*.  NOISY- 

SANDY  SILT:  Dm*  "am,  wist- 


A-  M  NP  100  63 


SILfY  SAND:  Dm*  grey,  moist,  sughti*  mu 


SN  26 


V  100  28 


l&J _ 

M  20 -Q 

29 


SANDY  SILT:  Imterbcds  of  SILT. 

22 


NP  ll« 


73 


it _ _ _ 

28  SILT:  Dark  grey.  wist. 

33  *>  100  89 


28-0 


16 


ALUE  ENGINEERING  PAYS 


TH79-9. 


TH  79-8 


TH  79-0  STA  67*50  L 


PI  -4  -200  » 


SM/Slin  SAM):  Ll«HT  WOd,  HOIST.  LOOSE- 


MP  100  12  SAME:  L16MT  SH€>.  HOIST, 


DEPTH  106  It  a  fl  -4  -ZOO  N 


CH  25  62  53  100  86 


(LAY:  ItSKT  BOOM,  HOIST.  SOFT- 


CLAY:  Light  wet.  hoist 


SAMtT  CLAY:  Grey  mom  with  kjst,  hoist,  soft. 


a  45.  47  28  100  52 


18  SHOT  SILT:  D«K  MW,  HOIST- 


5  SidO/SILTY  SAPID:  G*er,  >€T.  H N*  SHEU.  W«OfT5- 


SILTY  SAND:  D**  G«V,  HOIST,  9.KHYLV  MICACEOUS- 


S»/SA  25  HP  100  8  9 


SANDY  SILT:  Interbeds  CE  silt- 


53  SILTY  SAND:  G«y.  »CT.  5 


SA  26  HP  100  14 


29  SILT.  On*  grey ,  hoist- 


53  SAND/SILTY  SAND:  GftCV,  tCT,  VERY  t 


23  NP  100  7 


24  NP  100  12 


SR  21  HP  100  17 


SANE:  6wr.  met.  *01*  OWSE,  S>«u.  PRRKfflV 


SILTY  SAND:  SREr.  *T.  SENSE.  SHELL  k**/*wt*. 


1  8CC  PL  ATI  25  FOR  LOCATION  Of  TEST  HOLES  AND  TEST 
TRENCHES 

2  SEE  PLATE  SA  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

3  SEE  TABLE  •  FOR  DATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  MOLES  ANO  TRENOCS  WERE  SIT  UP  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTEO  AS  'INVERT* 
IN  THE  CHANNEL  ANO 'EXISTING  OR 0 UNO*  ON  BACK  SIDE  OF 
LEVEE 


U.  S.  ARMY  ENOMCBI  WSTXICT 
l  OS  ANGELES 

_ OOSPS  OF  ENGINEERS 

SANTA  ANA  RIVER  MAINSTEM,  CALIFORNIA 
PHASE  n  GENERAL  DESIGN  MEMORANDUM 

LOGS  OF  INVESTIGATIONS 
COW’S  OF  ENGINEERS 

STA.70+50  TO  STA.67+50 


o*n 


HC.  NO.  BACW09- _ t- 


VAT  I  ON 


VALUE  ENGINEERING  PA 


S ;/ty  Fine  Sand 


Gray  Fine  S and- 
SnoMb 


|<*>~ I1*  ."fna|n  9[  T/ir-e  Gray  Sand- Sea  shells 


lE3:  ' ;  ;feajSI r,ne  3ra*  So',d  sea  s*e//s 


Gray  f"*.  Sand- 
S*w  S^eJ/s 


[iB  |i*  .  T21|HS|  Fine  Gray  Sond  3€0  Sh&l/f, 


I  Ftruz  Gray  Sard 


F/ne  Gray  Sand  to  </'  42‘ 
~/ayBy  S/d  to  Fine  Gray 
iffy  Sand 

tr/nt>  Gray  S'>/y  Sana 


mi  ’-  Fine  Grjj  Sara 

5§|  Change  G>  At  5'iv>  Ctojty  Sand 


r.e  Gra,  Sid,  Sand 


la^lu  *$>jii4  \2ty  Cla, Hj  Sand 

CFtnj*.  ?  455  *o  Gray •SF/y  Sir, a 
[??(**  r.^j-  1  ~|  Sr-fj  •  Sana 
13,1  I  J  Gray  Si/ty  Sand 

5-14-5* 


titcM  of  SU.TT  CLAY  (CL) 


[Stiff,  wot,  browntoH  gra*  CLAY  «•«)  with  traca  of  1  t  |  it  SS  ft 


Julphurou*  odor,  ••■•hollo 


|  prepare  P — 


SEE  PLATE  25  FOR  TES 


to.  ant,  blolah  |r»T.  SILTY  SA»  (W) 


2  SEE  TABLES  4  AND  5 
FROM  WHICH  THESE  LOGS 
AND  EXPLANATIONS  ARE  CC 


ttoa  of  krli|  at  2*>|  ft. 

Tt:  Ho  Irn  (roaoduatar  found  ai  >  loo  of 
drilling 


3  LOGS  BY  OTHERS  ARE  Of' 
determine  THE  GENERAL 


LOO  Of  BOOING  B  2 


;o3  •incus 


r'o'ta  Sea  -3fle  V5 


'•5  nftcier 

i  pr*?uur*  i 


•  \\  Compact  s//A>  &0/701 

e«i»m  ^c:aipn 

cv  *.  Compact  9//  a///-y  <sand+ Thetis 

[cK>\to\ii  ffiiaai - - — — 

Comrxx.t  ^/ttj  sonct 

ESHEG2  ,__.!S*n 

~~  '  Ceng s?  died/'  fine  eonj 

s£ESS2  ==!=> - 

c/eon  coarse  sand*  sr#.* 


F_c/ay  cren>e  with  same  pun* 


g  ;>>  b'acfc.  c.«3y _ 

^adC/Wr  s.  T/  _  j  , 
//  «<3r-C/  P/7-<  wPy  -.,. 

c±v^i - - 


•  -  uard  r-jrj  -: 

Iv'lzEU- - - 

\  \  Mar./  Sz/fy  ;  „/ 

;^V=P  .  air ...  - 


/  -sa  rd 

4.  5'  I'd  CMjftf  Sera 


A  -  5  '•a  SrtxjWy  &/>.j 


\  s'-  5 //  zof)‘/:acP  s/i’y  sand 
_ Clay  /*n-z-<i 

(TgiTWlM  N  -'  i~27IZ&t-—  -  — - - 

•\  — 1 — 1  £»'  oam/pyct' 

•i  /,*‘//7$  „,j.e-  s/tty  san-j  with 
t  -,  -j  occo^arai  >/7j*v  /v’.'.es  ;?* 

WTS^4-^L/gt<.  ' _ 


1  SEE  PLATE  25  FOB  TEST  SITE  LOCATIONS 

2  r^uTAflLES  4  *’<0  5  F0*  LIST  OF  DEPORTS 
FROM  WHICH  THESE  LOSS  WERE  TAKER  ALL  LEGENDS 
ARO  EXPLANATIONS  ARE  CONTAINED  WITHIN  THE  REPOTS 

3  LOGS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
OETERNIHE  THE  QENERAL  SOIL  PROFILE 


U.  I  AAMT  INOMCBt  OSltlCT 
LOS  ANGtlfS 

_ _ OOMS  Of  gNCtrtH 

SANTA  ANA  RIVER  MAINSTEM. CAUK)*NIA 
PHASE  31  QOCRAl  DESK*  hCMORANOUM 

LOGS  OF  INVESTIGATION 
BY  OTHERS 


STA.  130+00  TO  STA.60  >-00 


VALUE  ENGINEERING  P 


TOP  OF  EXIST-  ijE 

- — 

^ - 

— 'Exist,  ground 

^EX, 

rr  grouno 

EXIST.  GROUND 

INO 

r* 

'7z?y77 - 

/ 

£  EXIST  INVER 

r~m 

- 

X  .  « 

- g 

vz^-W 

o 

« 

_  ry 

«• 

s  ! 

_ 

+ 

-w 

PROPOSED  INVERT 

b  £ 

♦ 

*» 

s  * 

" _ £ 

1! 

-w 

-J 

— 

-ft 

M 

n 

«p 

CM 

i 

*> 

1 

P 

X 

z+zs  vj 

_ 1 

S 

O 

+ 

Si 

ML 

_ 5 

+ 

~w 

« _  £ 

•  * 

• 

CM 

♦ 

* 

X 

►- 

* 

" 

♦ 

m 

• 

(M 

* 

<e 

» 

X 

t- 

* 

M  55  * 

49  40  m 

35  30 

25 

PROFILE 


MORIZ  SCALE 
lO 

VERT  SCALE  EQ 


200  *00 


20  _  30 


STA.60+00  TO  STA.O+OO 


ms? -2618. 


o.- 1* 


th  79 - ? 


MHO  g»w”« 

tern  u*  *  n 

SC  12  »  »  1»  *’ 


DttCRIPTlCH 


CUtn  S AND:  9t0m.  NO! ST.  NC*-a»*SrVE,  1  INCH  LENS  OF 
SILT- 


E&I3I1M  SBSmSL 

TH79-7  $TA  57*50  L 

DEPTH  LOG  It  LL  PI  -4  -200  1 


EL-  W 


Description 


1 

15 

<9» 

100 

55 

99 

sxm  SILT:  Am*.  TOST,  mrcmsrx- 

2J.„. 

sn 

9 

*> 

100 

37 

SILTY  SAND;  OmtfXrmom.  moist,  whip 
OMVH.  TO  3/9  INCH- 

— 

— 

l® 

IS 

8 

SILTY  S*n;  USHT  mm*.  moist,  wrcocsivt.  TO 

FI«  SR  AIMED  SAM)- 

H.o 

m 

35  58 

27 

un 

73 

SN©Y  SILT:  GRtY-W***  *1Th  (WST.  MM  SI 

$n 

3 

** 

3 

SAKVS1LTY  SAND:  GREY.  MUST,  SOFT  TO  « 
mcAXCus.  smnj.  noon- 

6 

RP 

1® 

35 

2 

SP/S.1 

35 

* 

1® 

11 

1U2 - 

32 

RP 

l® 

91 

3 

SILT:  Da*  pm.  moist,  cohesive,  organic  material- 

8J— 

19 

100 

16 

5 

SILTY  SAND;  GREY,  MOIST,  SOFT  TO  flip.  1 

5 

H19-Q 

w  tyj 

29 

S#t:  6»EV,  «T,  MET/iM  DENSE,  S*LL  '*> 
2  INCH  UENS  SILT,  9NONN,  W,  SOFT. 

39 

w 

1® 

97 

23 

« 

100 

75 

SUf:  Grey,  moist,  new®  oensf.  shell 

d  fo««e*Ts- 


Jr 

■P  l® 

70 

5 

*9 

*>  1® 

59 

4 

71.O 

T3-9 

91 

NO  V. 

35 

OUL- 

'vrsn 

"7? - 

RO 

“TT 

29 

IX 

• 

20 

9 

26 

1® 

* 

9 

90-5  . 

75 - 

IT  ‘  ‘ 

— r 

yp  nr 

~T 

17 

H3-0 

9/9 

20 

np  yj 

/ 

sn 

30 

m  \n 

n 

5-1  . 

17 

SAH0T  SILT:  c«fr,  ««T,  NON- COMES IvE.  MEDliM  TO  FINE 
09MNS.  S«  SHEU,  ™«I«TS. 


ril.TV  sum:  iREY.  «T.  'INF  GRAINS  SAMI.  WL 
raicr&TS. 


surma*  is®?:  ^t.-fi*  «*!■«  sss;  v*u. 
tBataou — - - - - — - 

s *r  >EV.  *T,  om-CO^SlVF.  NEIJlir  5PAIM3  SAM)- 


S*€  5  *€U  '*AB7CNTS. 


tpH7^TT»  pwr  IVv.  sw^ifSn.  wti*  '*««*  sam*. 
S»€U.  «RAS*NTS. 


SILTY  SANA.  fiMy,  SATt«A*U>.  'INF  'SRAl’NT!  SAMI- 


23 


18 


V  100  26 


33 


52  -P  ir  16 


29  SAT-  *t.  MOM*  **»«•  m -ifhsf- 


26 


V  ’.10  21 


n 


31-0 


V* 


m4-2&ai 


INVERX 

TT^-2M1  STA  SIMM  C 


nEPTN  LOG  *  U  «>t 


*2® 


H 


96SCR1PTIOI 


9 


IT) 


SAND’  TU-TI-COLn*.  <*T.  NEDIlP  QBAINCO  **«• 


1  «  If  1«  Tl 


SILT:  *>**  MW*  WITH  REDDISH  PM  PPnO.ES.  *T- 

coMfsrvt- 


5Wf  n.*t:  Lf,J*r  WET,  *f.  CttNSfYf- 

CLAY:  D**  mot*  HI  TH  REMIT*  WOP  PARTICLES.  <ET. 

owi*. 


*r  2$  i® 


IH79^I 


SCAL.C:  t  W*JFT 


NOTES. 

I  SEE  PLATE  »  POP  LOCATION  OF  TEST  MOLES  ANO  TEST 
TRENCHES 

i  SEE  PLATE  B4  FOR  LEGEND  ANO  CLASSIFICATION  SYSTEM 

1  SEE  TABLE  6  FOP  DATE  OPILLEO  OP  EXCAVATED  ANO 
TYPE  OP  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TPENOCS  WERE  SET  UP  ON 

THE  LEVEE  CPEST  UNLESS  OTHERWISE  NOTED  AS  'INVERT* 
IN  THE  CHANNEL  ANO 'EXISTING  GROUND*  ON  BACK  SIDE  OP 
LEVEE 


mi-2632 


STA  «*00  R 


a-  iRt 


engineering  fays 


TH79-6 

PL-  91 

H  DESCRIPTION 

£.(»  *>0«,  HOIST.  SOFT  TO  FISH- 

% 

'  qj*  e  ^ist.  loose- 


«<f  ;0fv  net,  loose,  boots  roll  feet- 


j¥$  -REEWBRON.  *€T-  SOFT- 
LV'f'.r'  'SW  iiflEv .  BET.  OC*SE.  S*CLL  eR*f«HTS- 


'•  '8<TV,  St#LL  FBKVt-VTS- 


V  '*  4V  T9cy  ryiSF  V*U  *"*J/*WTS- 


•-  VI'  .  4?r.  ye*’  .TEH^f  V*U  "AST^NT-;. 


MF  'Of «  .  ^  • .  TENSE.  S>#llS  *NT  S*Ll  FR««MTV 


TH79-5 

T«79-5  ST*  38*50R  EL-  151 

DEPTH  L06  HC  U  P!  -9  -2®  N  DESCRIPTION 

SAHDY  CLAY:  BROW.  MOIST,  STIFF- 

77  15 

StfE:  Light  brow.  moist. 

SAIC:  LIGHT  BROW  trtTw  rust,  MMST. 

6 

SANDY  SILT:  S«EV  BROW  *ITM  RUST.  MOIST.  SOFT. 

89 


Hi  45  62  55  100 

_Lfl _ 

n.  40  48  20  100 


UJL 


31 


T9 


11 


SUTT  SAND:  5REV.  K5IST,  <Cnil*  TENSE- 


*>  100 


21 


SAROTSfLTT  SAW:  CffE*.  HEWiP*  0E*<*.  «riST- 


V  100  7 


SAIC:  *T.  S*€LL  FRRSfCVTS- 


SCALE:  I  IN«3FT 

»  0  S  » 

I — I  I — I  » — L.  A-  :  □ 


NOTES 

1  SEE  PLATE  26  FOR  LOCATION  OF  TEST  MOLES  A  NO  TEST 
TRENCHES 

2  SEE  PLATE  «A  FOR  LEGEND  AND  CLASSIFICATION  SYSTEM 

S  SEE  TABLE  6  FOR  DATE  DRILLED  OR  EXCAVATEO  ANO 
TYPE  OF  EOUIPMENT  USED 

A  ALL  TEST  HOLES  AND  TRENCHES  WERE  SET  l*»  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTED  AS  "INVERT* 
IN  THE  CHANNEL  ANO ’EXISTING  GROUND*  ON  BACK  SIDE  OF 
LEVEE 


lYMRCX 

tnaamyn 

AME 

aNROVaa 

REVISIONS  | 

U.  S.  AAMY  ENGNEEt  DISTRICT 
lOS  ANCEUS 

CORPS  OF  ENGMNU 

SWOUD  IT, 

SANTA  ANA  RIVER  MAlNSTEM,  CALIFORNIA 
phase  n  general  DESIGN  MEMORANDUM 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGINEERS 

STA.48+00  TO  STA. 38+50 

HAWN  IT. 

ONCMD  vr< 

MAUTTtt  iti  0«'l  n 

MNOnB 

JMC  NO  D*CWOt- _ B- _ 

OBIWCT  PM  NO 

IHKY 

VALUE  ENGINEERING 


EXISTING  GROUND 

THB3-2633  ST*  37*25  l 


DEPTH  UK  MC  U.  PI  '200 

CL  10  32  13  100  56 


$«  10  HP  100 


SILTY  SAND:  LIGHT  BRCW.  MOIST,  PINE  MAIN,  NON-COCSIVE. 


CH  48  59  30  100 


CLAY:  BROW.  MOIST,  COtSIVE- 


SILTY  SAND:  1»  ISMT  BROW  TO  GREY.  MOIST,  *1*  GRAIN,  NOW 
27  *>  100  32  ^  co«si*€,  sort  s»«x  fragmbyts- 


23  Nf>  V 


SAND/SILTY  SAND:  SREY,  HEPtiF  GRAIN,  MOIST,  NOH-COrCSIVE- 


$»/*  22  ’•’  100  5  53 

_ __  18 


SP  20 

iiJ _ 

SP/SM  22 

ii-d _ 


SM0:  Grey,  saturated.  <CDnft  to  coarse  grain,  non- 

COHESIVE- 


SW0/SILTY  SARD-  SREY.  SATURATED.  rED I k*  GRAINED- 


2*  100 


V  IOC 


?4  SAND:  r>R«v.  satiated.  tint*  grained- 
T? 

38  _ _ _ 

SMPI/SI'.TY  <UKn.  GREY ,  SATURATED,  MEDI'H  39A1NFD- 

34 

19 _ 

SAN’’:  SREY  SATIATED.  tDllF  GRAINED- 
54 

39 

50 


SAN’’:  SREY  SATURATED,  tDUAA  grained- 


SP/*  74  NO  100 


SANT  Daw  grey,  sadfate-'.  nowcoc-.ive,  organic. 


TM3-2tt 1 


THB3-2654  STA  JQ^x)  R 

DEPTH  L06  NC  LL  P]  -4  -200  H 


23  S  37  34 


24  5  100  24 


SATE:  BRO**.  moist,  pine  grajw 


25  11  100  35  10 


l  IGrtT  BROW,  MOIST,  r!H£ 


26  30  9  100  54  SW:  PED-BROW,  mt 

~SN  20  y  lflfl  7T  SILTY  SARD:  RED~T3 

Cl  46  %  14  100  76  SANDY  HAY:  Srey, 

cxxcsivecss,  org# 

SAND;  SREY,  MOIST- 


BttXN,  MOIST,  VERY  FINE  N 
p ED- BROW ,  MOIST,  FIW  3RA 


SILTY  SAND:  Dark  grey,  >«t,  n» 
3i  12  103  31  COHESIVE.  ORGANIC.  STO  VtU.  «* 


24.0  _ _ _ 

SP/*  24 

iZJ _ 


il^L _ 

SP/SN 


97  7  l? 

_  11 

10G  3  38 


SANDAd.TV  SARD: 

SRE>.  MET.  NH- 

'AND:  SREY.  «T. 

SAND/SILTY  SAND 

a***,  NET.  MEt 

S*ND;  Srev.  *r. 

M3M-OESIVE- 

SAND/S II.TY  S*P: 

sre*,  *Ct 

SAND:  Grey.  >«t, 
FRAGMENTS  • 

HEDI-.P  5»AD. 

|  LL  PI  -4  -2M  1 


25  5  V  * 


EXISTING  GROUND 

TH79-4  ST*  27*50 


DEPTH  L06  AC  LL  PI  ~4  -2®  N 


SRE:  *WXN.  MOIST.  FI*  GRAINED,  NOP-COCSIVE- 


*  17  ^  100  29  SILTY  SAM):  LH5ht  brow,  f 


SANDY  SILT:  Blfoc  *c  VERY  DM*  suer.  MOIST,  SOFT,  HIGM.T 
ORUPIIC.  SLISHTV.V  hnxDCBCUS- 


79  11  in  YS  10 


~V"  '  TT  IT1  5T  T5Y-  Light  BRO*,  MOIST.  CINE  f»AIN,  NON-C»€S  IV?  - 

- ^  ijg  IVt  DRO*.  MOIST,  VERT  FINE  MATER  IN..  COTCSIVE- 

9  l®  ?4  SVT-  PET-BROt*.  MOIST.  FINE  GRAIN  N/  ■»«  CT*«StVF  <X0tX- 


2?  V  100  50 


SILTY  SMD:  S«c  AS  wove- 


S*fC:  Grey,  moist,  miiR  oeisE.  mphv  s»€u.  frasmbtts- 


SAfPY  CLAY:  GREV.  MOIST,  very  fine  MATERIN.,  ' 
C»esiVEWSS.  ORGFMIC- 


14  «*  1®  15 


SAfE:  GREY.  MOIST,  MEDI IP  D 


"Il’Y  SAND:  '***  GREY.  l€T,  FINE  TO  VERY  FINE  MATER!*., 

c^EsivF.  trgwic.  sto  veu.  FRftMerrs- 


S/N0:  6rEY,  MOIST,  DENSE- 


r.  ••AN".  Spey.  <t,  -vm.j*  grain.  nqm-cixSiv?. 


■•AN'*/*!'  **  SAND  Grey,  *t.  *«dup  grain*®. 


"AN"-  '-Rfv.  JOfCCRtsiVE- 


‘•WWi/v  ->¥»-<  '■•HEY.  *T. 


SANR/SILTY  S/N0.  Grey,  *t. 


SP/SA  18  V  1®  9 


22  VI®  8  22 


SP  24  1®  5 


SAND:  r'REY.  *T.  MEDI'P  DENSE,  S*CU.  FRMWS- 


I.  set  PLATE  2«  FOP  LOCATION  Of  TtST  HOLES  ANO  Tt ST 
TRENCHES 

2  SEE  PLATE  «A  FOP  LEOENO  ANO  CLASSIFICATION  SYSTEM. 

1  SEE  TAIL!  «  FOP  DATE  OPILLfO  OP  EXCAVATED  ANO 
TYPE  Of  EQUIPMENT  U$CO 

4  ALL  TEST  MOLES  ANO  TRENC»«S  WERE  SET  UP  ON 

THE  LtVEt  CREST  UNLESS  OTHERWISE  NOTED  AS  "INVERT* 
IN  THE  CHANNEL  ANO'EXISTINS  SPOUNO"  ON  SACK  SIDE  Of 
LEVEE 


U.  S.  ARMY  B4GMCR  OttTXICT 
LOS  AMOIUS 

_ _ OORFS  Of  ENOfNCTS 

SANTA  ANA  RIVER  MAINSTEM. CALIFORNIA 
PHASES  QEFCRAL  OCSWN  MEMORANDUM 

LOGS  OP  NVESTKaATlONS 
CORPS  OF  ENGNEERS 

STA.37+25  TO  STA.27+50 


OAfl 


SFtC.  HO.  tMCWOt _ A- 


VALUE  ENGINEERING 


TH83-2635 


TW5-2635  Sr*  l/*OQ  R  EL*  154 


FXKT1NG 

GROUND 

TH 

>79-3 

DEPTH 

LOG 

RC 

U  °J 

-4 

-200 

B 

OeScrirtigm 

TH7V3 

STA  17*50  L 

EL-  7t 

Sim-.  O**  tm*.  f  1*  GHAJXD- 

DEPTH 

U36 

HC 

LL 

PI 

-A 

-200 

R 

DfSCBimON 

SP 

H 

92 

5 

rtlL:  SlLTY  FIWE_S^  tKHT  WOK,  D**>,  LOOSE- 

-3JL- 

a 

29 

«v% 

21 

laa 

95 

CLAY:  8uoc  M>  ve rt  to**  olive  s«;o<.  hoist.  soft, 
nre«.r  ohgahic,  slightly  **jxxxrv$- 

9 

*> 

99 

IS 

39 

SILTY  SARD:  Light  Mom.  *31  ST,  n« 
CCXSIVE- 

ioa 

16 

SARD /SILTY  $ARn:  GREV-BROX  mix  «ST.  HOIST,  SRFT  • 

sp/sn 

» 

100 

10 

P~ 

~nr~ 

3 T 

92 

SAME:  6»EY,  HOIST,  XDll*  OCKSE,  SXU.  FR«XKTS. 

SR 

13 

HP 

100 

21 

SRti  DAM  GREY.  HOIST,  FIX  &RA1MB 

9-n 

lUM 

SP 

23 

m 

9 

23 

SARD:  GREY,  HOIST.  HR5IUH  DUKE,  ShEU  fRXX'fTS- 

SAW:  XT- 

m 

13 

V 

ion 

17 

13 

17.0 

20 

BP 

100 

13 

J6 

SARO/SflTY  SARD:  Grey,  XT.  «*SE- 

13JL_ 

SP/SR 

25 

>0 

100 

6 

SARD/SILTY  SARD;  6 rey.  XT,  FIX  CR 

29 

w> 

100 

22-0  ■ 

SR 

3C 

*> 

96 

13 

15 

SILTY  SAW).  Light  «WY'«<K>tJ.  X'. 
COHESIVE. 

~7r~ 

THT" 

— r 

6 

SARD;  LIGHT  gxy,  xr,  FIX  to  XM 

25 

*> 

110 

5 

55 

9 

100 

9 

28 

SAW /SILTY  SAP*':  as  ahwe- 

2Li_ 

sp/sp 

10 

<*> 

100 

5 

35 

SP/SR 

i? 

>*> 

* 

5 

6 

SARR/SILTY  SARD;  i.ight  gr*v,  ct«c  t 

SARD:  Light  grey,  XDt<*  graiXB,  S* 

25 

100 

5* 

SAW  &»EY.  XT,  OWSE.  SXLL5.  SWEl.  TO  1/?  ?MCX. 

V 

97 

2 

P 

97 

? 

26 

*? 

i*5 

5 

5? 

SARF ;  Lems  of  Rust  mo  black  • 

SP 

22 

100 

2 

26 

SAX:  Gl*v.  XT. 


UE  ENGINEERING  PAYS 


TH83-2635 


p  17*00  R 


* 

*  5 


ip  >)  l? 


EL-  154 


Description 


SH6L  BROM.  FINE  GRAINED- 


SILTY  ^#lD:  LIGHT  BROM.  FOIST.  FINE  GRAINED.  W 

cacsi  - 


SWC:  P**  GREY ,  HOIST.  FINE  GRAINED,  COHESIVE- 


?*» 


SIHO/SILTY  SMQ:  SREY.  net.  FINE  g*A!»«D. 


SILTY  SHC:  Light  6RE>-bro*«.  Net.  fine  grained  **- 

CWCSIVE- 


Sjwd  light  GiitY.  fine  to  •exmM  graiwd- 


1  •■W''/S!i.TV  TRIP:  '  IGHT  GR*v.  F|NC  ID  NEDf'*  GRAINED- 


LIGHT  GREY .  >«D|>*  GRAINED,  yj*  Vm/fX.  TO  \P  INO*. 


.  M 


$ 


EXISTING  GROUND 

TH79-2  ST*  13*00  R 


TCPTH  LOO  "C  LL  PI  -R  .200 


TH79-2 


a-  9i 


Description 


»  15  ^  100  i»o 


SILTY  SAND:  Pine.  li6ht  brow,  hediih  oexse- 


jy i 


SPA*  ??  ip  200 


JLfl _ 

M  1Q-S 

18  100 


?1  - - 

SRAOAILTY  SRJUT;  n**  gray-bROU,  HOIST- 


SAP€:  Grey,  hoist,  hediih  owse- 


S*A0:  fi«ev.  HOIST,  PtDUH  D06E- 


S«:  Grey,  net,  hehse,  s»cll  *r«icmts- 


SP  31  100  ? 


» 


S*l€:  VERY  riEMSE.  GRATEL  TO  17?  INCH.  H(W¥  S^i  ■ 
SJ  =»*H0<TS. 


S**C  ftREY-  >€1.  VERY  UCHSE- 
SANVSILTT  SAT:  R«EV,  NET,  cor*. 


SP/SJ1  13  H>  Itf 


<NID:  5RFY,  NET.  neiSE- 


scALt  i  •f.jrr 

fc=c.  t-i  :i-4~  :  ;  J 


NOTES: 

I  MC  PLATf  26  60N  LOCATION  06  TEST  HOLM  A  HO  TEST 

trenches 

1  Wl  *-AT*  •*  *0*  LC6CHD  AND  CLASSIFICATION  SYSTEM 

s  tee  TAttC  •  FON  OATf  DN1U.ED  ON  EXCAVATED  AND 
TY6E  06  EQUIP**  NT  USfO 

«  ALL  TttT  HOLES  AMO  THCNOCS  WtNE  tfT  UP  ON 

TW  LlVfl  CHEST  UNLESS  OTHCftWOC  NOTEO  AS  ‘INVEST* 
IN  THE  CHAMML  AHO 'EXISTING  6NOVJNO'  ON  SACK  SIDE  06 
LfVCt 


(man 

DKOTCM 

Mil 

nmovM 

St  VISIONS 

U.  S.  AAMT  M6MR  DtSTWCT 

LOS  ANOaiS 
costs  op  ENomas 

«A*N 

SANTA  ANA  NIVEN  MAINSTEM.CAUA>miA 

PHASES  OOCNAL  OCSMN  MEMONAMXX 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGWEERS 

STA.17+50  TO  STA.  13+00 

BUNT 

MHO  IU  NO 


VALUE  ENGINEERING _  ! 


TH83-2636 

LL,a* — T,T  PviCTiur.  ADftnMn 


EXISTING 

GROUND. 

STA  12*00  L 

a-  si 

THB3-26J7 

STAOK  1 

EL.  10 t 

DEPTH 

LOG 

W 

U  M 

-4 

-700 

N 

DKCJtlMTiW 

DEPTH  106 

AC 

a  pi  -4 

-200 

K 

Description 

20 

W 

100 

51 

(MIY  SILT:  BRO*.  HOIST.  gmjwp,  «w-a»«srvE- 

SI 

2-  5 

7 

**  81 

15 

SILTY  GR/WEU-Y  $W:  BRO*.  hoist,  mo 

15 

12 

SW0:  Light  wo*.  hoist,  nm-amiv 

21 

IP  100 

- w  mz 

Si 

~~w 

5 

OajBifer-agsgtsr - 

t 

99 

0 

8 

JL- 

zsc 

59 

_ UaL 

«P  100 

8$ 

SILT:  6RfY.  HOIST.  CC»CSIVE.  ORGANIC  ShEli.. 

t 

99 

3 

S4P0Y  SILT:  Gilev.  *Cr.  PI*  TO  MOUM  0MIWD.  H0M- 

CWCS1VE- 

SILT:  S*€  AS  4KVE,  CfXSJVE- 

A. 

36 

If 

100 

62 

12 

98 

2 

IS 

5T“ 

- Ip- 

TST" 

W 

s Nt  L16HT  BRO*.  MET,  NON-COHESfVE, 

9»/$H 

12 

¥» 

93 

7 

SjpD/SILT  5*10:  *CT.  NET>U#t  TO  COARGE  GRA1WD- 

w  n  o 

16 

GRAINED  SAW- 

m 

SB 

59  25 

100 

98 

SILT:  Grey,  «CT,  corfSIVE- 

too 

1 

10 

25 

100 

3 

SAID:  6rey.  ter.  ovrse  grain®. 

20 

100 

2 

100 

4 

S*t :  6RE>.  MET.  MOrCOCSIVE,  NEK* 

n»«fwrs- 

S° 


14 

94 

2 

15 

100 

2 

SWt:  5REV.  SATIATED,  •CPI'P  TO  C1« 

WH-CO^SIVE. 

20  100  2 

It  99  2 

SlflE:  r'RT'.  MET.  a)MtV  GRAINED.  0*AhiC  JCU- 


15 

98 

2 

73 

100 

2 

17 

100 

3 

l’ 

100 

S#€ :  Srev.  saturated,  cows®  grain 

72 

100 

2 

s*u.  wa6»©^, 

77 


SAKE:  F I  HE  GRAINED  S*t>- 


LUE  ENGINEERING  PAYS 


TH79-1  STA  6+00  t 


™.79-i 


DEPTH  L06  NC  11  PI  -4  -200  H 


SILTY  6AWELLT  SJWD:  Broh,  hoist,  Mtw-COCSIVE- 


5  LOO  3 


SAW):  LI94T  BROW,  HOIST.  LCOSE.  SO*  OWVB.  TO  1/2  INCH. 
SMBX  FRABWTS- 


11  100  3 


SP/SW  22  W  100  5 


18  100  4 


SAI€:  Hoist,  gravel  to  2-1/2  inches- 


24  SAND:  Grey.  fCDUH  SENSE.  «CT- 


S*C:  GREV  NET,  NWCOHESIVE.  KDUH  GRAIf®,  S*CLL 


SP  16  100  4 


SWF:  Gravel  to  1/2  inch- 


22  100  2 


SWF  Got*.  to  coarse  GR»I«E  SNC. 

NON-OESIVE- 


13  |W|D/SIITY  SANn:  6hev'  medi^  oose’  *t-  i 


SP/SP  17  *>  100  8 


!ff.  FlW  GAAIWD  SAMI- 


SME:  P[*e.  SENSE.  NO  gravel- 


SCALE:  I  WSFT 


N.9TE& 

I.  SEE  PLATE  24  POP  LOCATION  Of  TEST  HOLES  A  NO  TEST 

trenches 

2  SEE  PLATE  SA  FOR  LtOCNO  ANO  CLASSIFICATION  SYSTEM. 

S  SEC  TA4LE  •  FOR  OATE  DRILLED  OR  EXCAVATED  ANO 
TYPE  OF  EQUIPMENT  USED 

4  ALL  TEST  HOLES  ANO  TRENC»«S  WERE  SET  I#  ON 

THE  LEVEE  CREST  UNLESS  OTHERWISE  NOTtO  AS  ‘INVERT* 
IN  THE  CHANNEL  ANO* EXISTING  SROUNO*  ON  SACK  SIDE  OF 
LEVEE. 


U.  S.  ARMY  ENOMMt  MRU 
tO*  ANOOfS 

_ _ POUFS  OF  2NOMBSS 

SANTA  ANA  RIVER  MAMSTEM,  CALIFORNIA 
PHASES  OOCRAL  OESMN  MEMORANDUM 

LOGS  OF  NVESTtGATIONS 
CORPS  OF  ENGMEERS 


STA.  12+00  TO  STA.6+00 


AFFSOWfc  IFK.  Ha  OACWO*. _ »- _ 


WC  77-1 


DATE  Of  29  Dec  76  WATFP  DEPTH _ 24  ft.  n*TF  MFAttJRFO  29  Per  7ft 

TYPE  Of  DRILL  PIC.  Bucket _ HOLE  DIAMETER.  2SI  In- _ 

WEIGHT  Of  1S0Q  lfa-  tally  PALLING  ^  I"-  aampi  fa  2-ln.  dla.  Modified  Calif. 


MU 


DESCRIPTION 


WWPCI  ELIVATIOW. _ 

Medium  dense,  dup,  light  brcwn,  SILTY  SAND  (SM) 


* L*  £ 


If  IS 


i  SANDY  SILT  (ML) 


10  93  MA 


Loose,  with  trsee  of  CLAY  and  shells 


Medlua  danse,  wet,  bluish  gray  SILTY  SAND  (SM) 


[Medium  dense,  bluish  gray  fine-grained  SAND  (SP) 


ottos  of  Boring  at  26*s  ft. 


27  98 


20  107  MA 


Aiu  mar 

wnomasm 

>  R*  ABA  3 1 


LOG  OF  BORING  B  -  I 


NOTES' 

1.  SEE  PLATE  26  FOR  TEST  SITE  LOCATIONS 

2.  SEE  TABLES  4  AND  5  FOR  LIST  OF  REPORTS 
FROM  WHCH  THESE  LOGS  WHERE  TAKEN.  ALL 
LEGENDS  AND  EXPLANATIONS  ANO  CONTAMED 
WITHIN  THE  REPORTS. 

3. L0GS  BY  OTHERS  ARE  ONLY  TO  BE  USED  TO 
DETERMINE  THE  GENERAL  SOIL  PROFILE . 


LOWER  SANTA  ANA  RIVER 

LOGS  OF  INVESTIGATION 
BY  OTHERS 

STA.  60+00  TO  STA.O+OO 

U  S.  ARMY  CORPS  OF  ENGINEERS 
LOS  ANGELES  DISTRICT 


PLATE  26F 


ELEVATION  FEET 


value  engineering  pa 


TH87-I 


TH87-2 


rW7-l  STM-  160*35  Q-  «7t 

DEPTH  LOG  1C  LL  PI  -4  -200  N  Ocscsipticn 


HP  93 

22 

SILTY  SJWD:  »RO*,  WIST- 

3 

SP  A l. 


IF 

97 

35 

S#F:  BMMN  TO  SUET,  SLiGHUT  COWS IVE- 

9-Q 

IF 

V 

77 

3  SHF-  Lonsf. 

iii- 

S’/SP 

HP 

97 

6 

ypB/SILTY  SARD:  Grey.  wist.  Loose- 

1® 

3 

7  SW1>;  Grey,  wist,  loose- 

SP 

3 

94 

3 

St  .  i  g  --g — i  "vst.—!*-  sugnumai  g^^a£j555 


SP 

« 

3 

SWY  S84KEL:  fiREY  .COARSE  GRAINED  S A».  COBBLES  TO 

S  tMO€S- 

74 -Q 

76.0 

SP/GP 

■F 

49 

12 

SAW  SPWlTsJL IT  KMC!.;  HAW  GREY,  CO^Sf  GRAINED 

9  SRfl.  THICK  LAYERS  IT  COCSIVE  IVATBI’AL- 

2M_ 

” 5T 

“T5“ 

94 

57“ 

SAPPY  iW:  ftu*  GREY ,  WIST.  A  *8*  GR**LS  TO  \n  INCH. 

SP 

*> 

97 

14 

SILTY  SAPO:  Hutri  color,  a  f&>  qrayei.  to  \  inch- 

2LiU 

HP 

39 

5 

19»  yPO/SILlY  SKT):  PlA.Tl-Ca.0RED.  COARSE  GflAIWD  SAW.  SOW 
ORIELS  TO  1  INCH- 

SP7SP 

39 -a 

HP 

63 

9 

$«.  6MAH.  TO  3  INCH.  COBBLES  ,o4  1*Ch- 

SP 

28 

37 

U 

48 

24 

SBfijV  SILty1  SRIfti:  Buie  grey,  mom  lawrs  tw  saw. 

MOM  LAYERS  CF  SAW.  GR%EL  TO  3  INC**- 

»-a 

3U3 — 

-JL. 

_2_ 

! 

a_. 

62 

a- a 

-_2__ 

3 

_23 _ 

28 

9Q  a  .. 

SC 

21 

11 

* 

18 

T*Y£Y  S<pTl:  AnCMrGREV.  SCW  GRRAEL  TO  2  |NO«S 

COHESIVE.  PLASTIC- 

ST*-  16®*30  EL-  4501 


DfPTH 

LOG 

HC 

Li 

PI 

-4 

-2® 

H 

Description 

SP/» 

9 

IF 

93 

6 

20 

SAPB/SJtTY  SAW:  Light  won.  dry,  a 

JUL_ 

42 

10 

98 

SAPPY  SILT:  Brom,  dry,  a  fe*  siawels 

CHUNCS- 

32 

5 

93 

69 

29 

SAIF:  Dawc  BROM- 

24 

3 

99 

68 

18 

SPF-  Wl ST,  SOW  HHITE  STREAKS,  COW 

3! 

48 

15 

99 

S5 

SAIF;  Grey- 

HP 

1® 

84 

8 

17 

IF 

100 

53 

$*€:  Buie  with  grey  streaks,  sow  <jr 

MOOO  FIB0JS- 

1L0 

3D 

1 

1® 

40 

11 

SILTY  SIKH.  Blue  grey,  wist,  mw  go 
FIRSTS- 

SP 

HP 

1® 

32 

2U. 


TH  87-  3 


ST*.  1609*10  EL.  4SJ 


depth 

LOG 

PC 

U 

PI 

-4 

-2® 

4 

Description 

U-8 

y/sp 

HP- 

"rar- 

['} 

SAFI/SILTV  SAMd-  4»OM  ,  DRV.  l(10SE. 

25 

4 

l® 

55 

25 

SWTY  SILTY  CLAY  •  D**  «*>*. 

a/* 

20 

4 

95 

64 

SAfF:  Light  sro#«,  slishhv 

SC/SP 

y> 

4 

99 

44 

SILTY  CLAYEY  SAHt>;  Light  b<n>m.  :«* 

IA 

*1 

12 

Tj 

6 

9B 

S5 

40 

SAPPY  SILT:  Brom.  wist,  a  *** 

COWStvr. 

Uli_ 

a /ii 

27 

7 

99 

69 

SAPDY  SILT:  Bronn.  wist,  a  M*. 

cacsiVE- 

49 

21 

99 

82 

SAPDY  SILT:  Rrey,  Wist- 

lli _ 

16-Q  . 

sc 

*2 

50 

8 

« 

22 

11 

aAlTV  sapD:  blue,  wist.  o«n  la»-f« 
ORGWIC  SWU..  PLASTIC- 

1ZJL- 

SC.'SP 

22 

4 

99 

47 

FIW  GRAJNra  SAW-  G#r<  W 

UA L_ 

SP. 

IF 

1® 

29 

SILTY  SNKI:  Bue  GREY ,  WIST.  *INt  - 

»F  1® 


12 


SKID/SILTY  SAPD:  6rey,  wr.  finf  v- 

L«ae  pieces  cr  woo 


SP/sfl 


LUE  ENGINEERING  PAYS 


TH  87- 2 


Ifig7-<i 


ST*.  1608*50 


a.  4501 


THJM  STA  1507*85 


a-  428t 


u. 

PI 

-1 

-200 

4 

Description 

if 

93 

8 

20 

yjB/SILTT  y jo-  light  mm.  dry,  slightly  coesivc- 

<c 

LQ 

98 

55 

SA»Y  SILT:  Brow.  dry.  a  fbi  sraeu.  cows  op  in 
(MAKS- 

52 

5 

95 

69 

29 

sjwa :  oak  BtKWt- 

7* 

5 

99 

68 

18 

SANE:  Hoist,  swe  win  stress,  coesm- 

i  « 

15 

99 

65 

MAE;  S«ev. 

V 

mo 

3« 

3 

V 

:x 

55 

SANE:  %JIC  WITH  GREY  STREHtS,  SOME  ORGANIC  MATERIAL. 

<flQ0  FIBERS- 

to 

IX 

an 

11 

SILTY  SWD  By*  «*Y.  MOIST.  FINE  GRAINED  SAC,  «C 
FIBERS- 

V 

I'X 

52 

st».  :w»*:5 

TH87-3 

a-  s5it 

C  LL  p:  a 

200 

R 

Descriptioi 

w  AT 

i4#vsJLHrSftW>  ^omTlm ia *F- 

26  a  :■» 

55 

?5 

svrw  SILTY  a<Y:  Yaw  brow,  mr- 

- - , 

;r 

L IGMT  BROW,  SLIGHTLY  CWENTET). 

:t  .i  w 

H4 

StlTT  aWtT  SAW:  LIGHT  VKMM.  DAT- 

2  T1  -  * 

55 

SAWY  SILT ;  BMORt,  HOIST.  A  FBI  GRAFEL  TO  ?  INCHES. 

«0 

C®«SIVE. 

2-T  *  TO 

69 

SANDY  SILT:  Brow.  moist.  a  fw  camel  to  2  inocs. 

COCSIVf. 

>•0  2;  » 

SANDY  SILT:  5RCY.  RotST- 

2  V  3  * 

7 

u 

\AYTf  SAND:  bujt.  WWST,  THIN  L**ER5  OF  SAW*  WBIA. 
OWAHC  ?*U,  PLASTIC- 

2  ?'i  a  n 

^IITV  fljVty  yj|B:  Ruje  wet  ritm  brow  strews.  hoist, 
FINE  9>AJNED  SAW- 

•  T 

29 

SlLfT  SA»D:  «u*  GREY.  MM  ST.  F||«  QNA1>KD  SAC- 

v  i'll 

SAW/51LTY  SAND  Rflfy,  wrr.  to  coarse  grajicd  SAC. 

LARGE  PIECES  »  ROOD 

- *r-  -r 

T 

SAIt  6RWEL  TO  1/2  INCH. 

depth 

LQ6  NC 

LL 

PI 

-A 

-200 

H 

Description 

HP 

96 

36 

3 

SILTY  SAW:  Light  wo*,  dry.  loose,  wmuh  to  fi« 

SRAIKD  SAC.  OCCASIONAL  GRAFEL  TO  1/2  INCH.  SOW  GRASS 
ROOTS. 

HP 

100 

28 

12 

SMC:  FINE  GRAINED  SMC,  HO  GA/VEL.  MO  GRASS  ROOTS. 

REVERT  AIDED  AT  4  FOOT. 

(F 

1QD 

?1 

S* 

HP 

99 

23 

1H 

SAFE:  Brow  with  streacs  of  urn,  a  fw  grm/el- 

HP 

100 

17 

SAffi:  Light  brow  mith  stress  of  rust- 

SAIC:  G«ET  to  BROW  WITH  STIfcACS  OF  RUST- 

)F 

99 

14 

15.0 

If 

V 

"TF" 

66 

~6~ 

SWD/SlLrr  yKD:  iflEV,  Flic  TO  ICOItW  GRAIN®  SAC. 

GRJNEL  TO  3  INCH,  FB*  COBGUS  FOJNTED  TO  SOWORfflEO. 

S*»/SH 

HP 

91 

11 

5AT;  SOC  MAFEL  TO  1/H  INCH- 

18-fl 

21)  4 

SM/SN 

HP 

35 

7 

SAflTl /SILTY  $AW:  BROW,  FIIC  TO  COAISE  GRAI«CO  SAC. 

GRAAEL  TO  3  INCH  COWLES  TO  7  INOCS,  SlBROfWEO- 

GP 

48 

3 

SANDY  SNAVa:  Brow,  coarse  graiicd  sac,  craiel  to 

3  INCH.  CCBBLES  TO  6  INCH,  RQlMOED  AC  ANGULAR,  50T 

POOCFTS  SILTY  CUWS- 

?5-0 

SR 

58 

8 

71 

43 

SILTY  GRA9FTL :  Daa(  GREY,  SCFC  COBBLES,  COHESIVE,  CASING 

IN  AT  24  FEET. 

2S-Q. 

» 

100 

43 

SILTY  SAND:  Oaa*  grey,  fire  grained  sac,  a  fbi  gRwel, 

serf.  COtfSION,  SOME  ORGAHIC  MATERIAL- 

SH 

i m 

m 

97 

28 

SAW.:  NEDIl/1  TO  COARSE  GRAIN®  SAC.  A  GRAFEL  TO 

1/2  INCH.  RCIWDED  COBBLES  TO  5  INCHES- 

SM/SP 

HP 

92 

9 

SANNMU.TY  SAN4;  0a«  GREY .  f^DJUH.  TO  COARSE  GRAIIO 

SAC.  SOW  GRAFEL  TO  1/2  INCH.  ROWCCD  OTW»_ES  TO 

5  Mocs- 

2JL 

SP 

83 

3 

SAW:  6REY.  WDll*  TO  COARSE  GRAIWO  SAND.  GRAFEL  TO 

1*1/2  INOCS- 

3/-Q 

?/9l 

•r 

65 

6 

68K VOJ. Y  SAW/SIITT  «KV€LLT  SAND:  Srey.  r«mw  to  coarse 

GRAINED  SAC.  COBBLES  TO  4  INO€S- 

90  -Q 

HP 

V 

5 

5AAVTU.Y  SAN'I/SILa  SftWLLY  SAND'  5REY.  COARSE  GRAINED 
SJN®,  GRAFEL  TO  5  INC»€S  COBBLFS  TO  6  INCHES.  WXXETS  'T 
StLT  OR  CL AT- 

SH/SP 

HP 

96 

5 

5*W:  No  COBBLES. 

96-0 

SP 

84 

2 

SAND:  6reY  TO  *»LTI*CaOR.  COARSE  GRAINED  SAC.  GRAFEL 

TO  1/2  INCH.  SHALL  NOOCFTS  *  BROW  CL**  OR  SILT. 

SCALE:  I VI. ■  S  FT. 


NOTES 

1  Stt  PLATE  2 T  ro*  LOCATIOM  OF  TEST  MOLES 

2  SEE  PLATE  *A  FOA  LECtMO  AMO  CLASS!  flCATIQH  SYSTEM 


DATUM  «  NAT  IONA  l  GEODETIC  VERTICAL  DATUM  OF  1929 


— 

_ 

rwa 

HWWPNOM 

MM 

AfMRMAl 

V I  VISIONS  1 

u.  s.  many  manat*  oamcr 

LOS  AHOVUS 

cotn  ov  iMOMHit 

wawh  a*. 

((**&  . 

SANTA  ANA  MVCT  MAWSTEM.  CALrOWAA 

PHASE  1  GETCRAL  DESIGN  AEWORANDUM 

LOGS  OF  INVESTIGATIONS 

CORPS  OF  ENGINEERS 

STA  *08  +  35  TO  STA.1507+65 

Stic.  HO  OACWOf- _ ft- _ 

octwa  HU  MO 

MT 

T 


VALUE  engineering  pa 


n*7-5  ST*  1500*50 


a.  *2»t 


TW7-6 


ST*  1493*00 


EL-  4274 


DEPTH 

LOG 

K  LL 

PI 

-4 

-200 

N 

Description 

»/SX 

M> 

99 

U 

11 

SAND /SILTY  SAM):  Light  BROW,  DRY,  fine  WAI*CD  S^N®, 

S OC  GRWEL,  GRASS  HOOTS,  SOC  CORALES  TO  5  INOCS- 

JdL 

$X 

NP 

99 

54 

4 

SILTY  StfT):  Light  mom.  hoist,  loose,  fjw  grai«d  sand. 

SHALL  PIECES  OF  CtJWltD  SAND,  REVERT  ADDED- 

_LI L 

30 

1 

100 

7D 

SANDY  SILT:  Light  mom  with  strew  of  wjst,  fine  grained 

SAC- 

n 

49 

100 

90 

XUL 

SH 

W> 

100 

13 

SILTY  SW*D:  Light  brow*,  fine  to  medium  grajicd  sac- 

ILL. 

SN/SX 

w> 

99 

3 

26 

SAPtO/SILTY  SAPID:  Light  bro*.  fine  to  hrj-  .  grained  sac, 
SOME  GRWEL  TO  3  INOCS.  SUBPOtfCED- 

HP 

32 

6 

a-fl- 

V 

50 

2 

SApfTTT  6MVEL:  Light  mom  ab  grey,  coarse  grained  sac. 
COBBLES  TO  4  tNOCS- 

26 -Q 

SN/SX 

V 

31 

5 

SAMD/SILTY  SAND-  fay,  coarse  grai»cd  sard,  gravel  to 
l  INCH,  SCFC  SHALL  POtXETS  OF  SILTS- 

3QJL 

SB 

3 

74 

26 

5ILIY  5A4VEU.T  SAND:  Srewish  grey,  hoist,  fine  Sand. 

6RAEL  TO  3  INOCS.  SOC  COBBLES  TO  4  INOCS.  COHESIVE- 

SX 

51 

3 

75 

19 

SMt  STREWS  <X  WIST  COLORED  HATER!  A- 

2U1 _ 

41 

9 

72 

44 

SHt:  VEINS  OF  COARSE  GRAINED  SARD- 

m. _ 

SP/SX 

HP 

53 

c 

'"WU.V  5W/W*tLLY  SILTY  SAM*:  Srevjsh  Green.  LOTsE, 

‘I*  TO  COARSE  GRAINED  SAC.  SCFC  COBBLES  TO  10  INOCS, 

s «  afiAHIC  ’WTTWIA: _ 

DtPTH 

LOG 

xc 

Ll  pi 

-4 

-200 

1  Description 

4 

37  6 

95 

56 

SANDY  SILT:  LI6HT  BROW.  DRY .  FINE  GRAJfCD  SAC.  ‘ 
GRAYEL,  LOOSE- 

SAI€;  «OIST. 

IL 

6 

35  5 

IX 

73 

4i  n 

X 

71 

$*•€:  Sore  ORGAHCS- 

sx 

24  4 

IX 

31 

SILTY  SAND:  LtGHT  BROWN-GREY,  fine  to  ACDlgH  Grais 
SAND- 

11 -Q 

V 

53 

7 

GRAVELLY  SAXD/SILTY  ttAVpJLY  SAID-  Hro*.  fine  ~ 
GRA1ICD  SAND,  SCfC  GR/VEi.- 

V 

V 

7 

SMt:  BRCNN-GREY,  HEDUfi  TO  COAISE  GRAINED  SAC.  ' 
To  3  lltaes,  SUBANGOLAR  TO  S<JBRtXND6I> . 

SP/SM 

Silt:  Daw  brcmn,  coarse  graind  sand,  gb<ael  to  2 

CMBLES  TO  6  INCHES,  DRILLING  VERY  DENSE- 

f 

57 

7 

21-5. 

>5  1 

56 

16 

SILTY  GRAVFLLY  SAND •  Daw  grey,  coarse  grai*ct  a 
grael  to  3  inches,  sore  cobbles- 

$x 

31  7 

75 

21 

Silt.-.  Grayel  to  1-5  inches- 

21:2-. 

IF 

54 

S 

*BV,Tliw  SJ»m/SILTY  4RAVPU.T  SAND-  p*w  c»fv 

COARSE  GRAINED  SAC.  GRAYEL  TO  3  INCHES,  SOME '  COP*. 
SWOPCED.  POtXETS  OF  COHESIVE  MATERIAL  • 

SW/SX 

VC 

58 

10 

SM _ 

m _ 

SP 

58 

3 

SRAVtlLY  SAND:  Daw  grey,  medium  to  coarse  grain*  i 
GRRYEL  TO  3  INOCS.  COBBLES  TO  10  INOCS.  RfJlNDf- 

VC 

66 

9 

6RIWU.Y  SAXD/SILTY  GRAVELLY  SAND  "aw  gpe*.  *c: 
coarse  graucd  sand,  grnyfl  to  3  inocs.  cumps  t 
nhitish-blue  material  WHICH  had  a  strcwg  TRGAiI •- 

AT  4?  FEET. 

6K/$X 

vc 

'i 

8 

vo 


9 


48-0 


NOTES 

t  S€E  PLATE  ?? 
?  SEE  PLATE  8* 
SYSTEM 


LUE  ENGINEERING  PAYS 


5*1 f :  SO*  CRGWiCS- 


*?1LTV  54*11;  LlfiKT  9ACHN-GREY,  FINE  TO  NEDlLRi  31  All® 


'li.T*  5B*VFU.V  <«"•  C0«SE  G»»I«B  5 ’NT. 

-■••Cl  TO  *  INCHES,  SO*  COBBLE*- 


V*  I-'**? L  TO  1.5  INCHES- 


iSJVfL-J  SK»n/siLTV  9WVEU.V  5*0:  Daw  grey.  loose. 
'"}•* SE  GRAINED  S»TO.  GRWEL  TO  3  !NO€S,  SM  COBBLES. 
■'JBBTUNTO.  WXXETS  CP  COHESIVE  HATER1*-- 


-»«w_cv  yHMUw  q*wrur  5AM);  "**  grey,  medii*  to 
■CAUSE  DRAINED  5 NO.  GRRYEt  TO  ?  INCHES,  CllfTS  *  A 
HATED  in.  NHICH  HAT  a  $TRtW  OBUAWC  OCOR 

%*  '<  r€Er  • 


NOTES 

1  SEE  PLATE  27  POM  LOCATION  OF  TEST  HOLES 

2  SEE  PLATE  «A  POM  LE9ENO  AND  CL  ASSI  PI  CATION 
SYSTEM 


DATUM  IS  NATIONAL  GEODETIC  VERTICAL  DATUM  Of  1929 


TU.  s.  AAMY  ENGINE  HI  DtSTVICT 
LOS  ANGEUS 

_ com  of  ewoMggs 

Santa” ana  river  mawstem.  cal fornia 

PHASE  I  GENERAL  DESIGN  MEMORANDUM 


LOGS  OF  INVESTIGATIONS 
CORPS  OF  ENGINEERS 


STA.  1500  +  50  TO  STA  1493+00 


Aff*OVB>  |  VYC  NO  DACW 


t»T*n  HU  no 


VALUE  ENGINEERING 


levee  design  parameters 


\  DESIGN 

ysste 

MAXIMUM 

OPTIMUM 

R  STRENGTHS 

S  STRE 

NGTMS 

UNIT  WEIGHT 

LOOSE 

(  80%  \ 

OMIT  WEIGHT 

DENSE 

UN|T^T 

CONTENT 

LOOSE 

DENSE 

LOOSE 

'compaction  1 

\C 

J 

wsTMiwn 

/  80%  \ 

/  90%  \ 

ICOMPACTION/ 

ICOM  PA 

CTlOti) 

ICQMBB 

ctionJ 

M 

u 

iPCFI  _ 

ffiT 

AVERAGE 

A 

& 

JeV 

■asr 

tuf 

•err' 

soil\ 

TYPE  \ 

u 

(pen 

i%) 

FRICTION 

ANGLE 

COHESION 

F?icsir 

COHESION 

ipan . 

rWlF 

latafcm 

COHESION 

am- 

'jwr 

COHESION 

-IPSCl— 

r. 

f«T 

-  tfcn 

CLAY 

1  21 

1 1 

15 

600 

23 

600 

24 

200 

30 

200 

99 

109 

1  i  1 

123 

132 

SILT 

1 1 7 

>2 

20 

200 

23 

400 

26 

80 

32 

too 

94 

104 

122 

105 

117 

129 

SILTY 

GRAVELLY 

130 

8 

28 

0 

35 

0 

32 

0 

37 

0 

104 

112 

128 

1  1  7 

127 

136 

SAND 

118 

13 

27 

0 

33 

0 

31 

0 

36 

0 

94 

106 

122 

106 

'20 

129 

SILTY 

1  19 

12 

24 

200 

30 

300 

28 

0 

34 

0 

•» 

1 07 

123 

107 

1  2 1 

1 30 

SAND/ 

SILTY 

123 

1  1 

26 

0 

32 

0 

30 

0 

35 

0 

98 

109 

124 

"i  ;  pi2 

131 

CLAYEY  SAMl 

1  30 

8 

22 

400 

27 

400 

2  6 

100 

32 

(00 

104 

M3 

1  28 

127 

136 

RgACM  CROSS J 


LeM  T» 
Right  ty 
L*ft  Co 
Right  Co 


LEFT  LEVEE 


TYPICAL^  CROSS  SECTION 

SCALE  UN  ■  10  FT 


COMPOSITE'*' CROSS  SECT 

SCALE  '  Ph  -JOFT 


LEFT  LEVEE 

LEGEND 


FS  -  FACTOR  OF  SAFETY. 

FS*- FACTOR  OF  SAFETY  WITH  SEISMIC  COEFFICIENT  OF  0.130. 

FS*,- FACTO*  OF  SAFETY  FO*  SUOOER  OAAWDOWN. 

FScr-  FACTO*  OF  SAFETY  FO*  CRITICAL  FLOOl  STAGE  (MAXIMUM  DESIGN  FLOOD  CONOITIONI 
+  -  TYPICAL  CROSS  -  SECTION  GENERALLY  REPRESENTS  THE  MOST  COMMON  SOIL  CONDITIONS 
COMPOSITE  CROSS-SECTION  GENERALLY  REPRESENTS  WEAKER  MATERIALS  AND  LOCALLY 
HIGHER  LEVEES. 

J  -  WATER  SURPACE 


NOTES: 

I  ENO  OP  CONSTRUCTION  ANALYSIS  WAS  NOT  PERFORMED  ON  EXISTING  LEVEES  SINCE 
IT  IS  NOT  APPLICABLE 

Z.  PERCENTS(DO%,BO%)  REPRESENT  PERCENT  RELATIVE  COMPACTIONS  USED  IN 
ANALYSES,  SEE  LEVEE  DESIGN  PARAMETERS  TABLE 

S  STABILITY  CROSS  SECTIONS  ANALTZEO  WITH  IV  ON  2H  SIDE  SLOPES 


I  ii F  ENGINEERING  pays  _ 

—ACTOR  OF  SAFETY  FOR  SLOPE  STABL1TY  ANALYSIS  (EM  HI  0-2-19)3  DATED  3)  MARCH  1978) 


t  WEIGHT 

DENSE 

.  90%  \ 

KPACTlf 

N/ 

m 

I’asr 

U 

f  W 

123 

:  i32 

It? 

129 

■  '  2T 

136 

120 

i  ZS 

■  30 

122 

56  i 

REACH  CRp5S_SJ-£TlQN _ 

<R«q  min  FS) 


Left  Typical  -  Eliding 
Right  Typical  -  E Kitting 
Lott  Composite  -  Existing 
Right  Composlts  -  Existing 


RIVERSIDE. 


FACTOR  OF  SAFETY  TABLE  NOTES- 
EOC  .  . .  .  End  of  Construction 

SD . Sad  dsn  Drawdown 

Cr./Fl . .  Critical  Flood 

SS . Stsody  Ssspogs 

W/EO  .  Applied  Earthquake  Seismic  COEF -O.l 3  G 
NA  Not  Applicants 


- FScx*  l  4 

I — FScr*l  0 
, —  FS$o  •  1.0 


F  S  »l.9i  FS  - 1  3 


CRITICAL  FlOOO  STAGE 


TYPICAL' CROSS  SECTION 

SCALE  •  IN  •  iO  FT 


RIGHT  LEVEE 


-FSc,.i  4  \  FOR  DURATION  OF  3  DAYS) 
-  FSso-i  0 
-FS?,.  10 


✓SILTY  GRAVELLY  SANO  (90%L; 


HD/SILTY  SANO  |90%l>> 
TY  SANO  180%) 


SUOOEN  DRAWDOWN  AND 
CRITICAL  FLOOO  STAGE 


STEADY  SEE RAGE 


RIGHT  LEVEE 


COMPOSITE-!- CROSS  SECTION 


SCALE  I  IN  •  IOFT 

o  to  to  90 


t  IVItlOMS 

I  U.  i.  ARMY  V40MHK  MUM 

los  amoeue 

_  CWW  OE  ENOEWM 

SANTA  ANA  RIVER  MAINSTEM,  CAURORNUk 
PHASE  S  GENERAL  DCSNN  MEMORANDUM 

SLOPE  STABUTY  CONDITIONS 
REACH  1 

EXISTNG  SOS.  CONDiTIONS 
RIGHT  AND  LEFT  LEVEES 


VALUE  ENGINEERING 


FACTOR  OF  SAFETY  FOR  SLOPE  STABILITY  ANA 


REACH  CROSS  SECTION 


-  FS-I  e  FS  -  1.3 


Uft  Composite  -  N«. 

L*f i  Composite  -Eu „  qf 
Left  Composite  OF 


1.2  1.0  1.6 

N  A  1.0  ».5 

na  1.0  na 


END  OF  CONSTRUCTION 


NEW  CONDITION  (Set  notes  I  anil  2  I 


COMPOSITE^  ROSS  SECTIOI 


SCALE  I.  IN  •  10  FT 


SILTS  SANO  (90%) 


SILTY  GRAVELLY  SANO  (90%) 

_ SAND  (80  %  F _ 

SANO  /SILTY  SANO  (90%) 
_ SILTY  SAND  («0%l 


SUDOEN  DRAWDOWN  AND 
CRITICAL  PUXX)  STAGE 


EXISTING  DRAINED  FACE  CONDITION 


COMPOS  IT  E^C  ROSS  SCCTIO 


ES  —  FACTOR  OF  SAFETY 

FS  —  FACTOR  OF  SAFETT  WITH  SEISMIC  COEFFICIENT  OF  0  ISO 

FSS0—  factor  of  safety  fob  suooen  oraroown 

,scf—  fACT0"  °r  Wt7Y  tOB  CRITICAL  flooo  stase  (MAXIMUM  design  FLOOD  CONDITION) 
■f*  ’  TYPICAL  CROSS  SECTION  GENERALLY  REPRESENTS  tic  wmy 

SR0SS  5 CCtToif GENERALLY 

"EPREXWTS  WEAKER  MATERIALS  AND  LOCALLY  HIGHER  LEVEES 


SCALE  I  IN  •  10  FT 


J  —  WATER  SURFACE 


i  **"*  ANALYZED  FOR  END  OF  construction 

i  Tm.1T  REFERS  TO  THE  SOIL  CONOITION  AFTER  RECONSTRUCTION 
*  SEE  RLATE  A-e»  FOR  LEVEE  DESIGN  PARAMETERS 

5  STASIUTT  P*"CeNT  *tL4T'Vt  COMRACTIONS  USED  M  ANALYSES.  SEE  LEVEE  DESIGN  PARAMETERS  TASLE. 

a  STABILITY  OIOSS -SECTIONS  ANALYZED  WITH  IVON  ZH  SIDE  SLOPES 


LUC  ENGINEERING  PAYS 


drof  safety  for  slope  stability  analysis 


EOC . End  of  Conduction 

SO . Sudden  Drawdown 

Cr./Fi  Critical  Flood 

SS  Steady  Seepage 

E0 . Applied  Earthquake  Seitmic  COEF  •  0.156 

NA . Not  Applicable 


SUDDEN  DRAWNOOWN  ANQ 
CRITICAL  FLOOO  STAGE 


NEW  CONDITION  (See  notes  1  and  2) 


COMPOSITE^  ROSS  SECTION 


SILTY  GRAVELLY  SAND  190%) 


NEW  DRAINED  FACE  CONDITION  (  SEE  NOTES  I  AND  2) 


composite  Across  section 


U.  s.  ARMY  ENOMMR  001*1 
LOS  ANGUS 

_ _ POSH  OF  BWHWH 

SANTA  ANA  NIVEN  MAINSTGW,  CAUTORNIA 
PHASES  GOCRAL  DESKS*  MEMORANDUM 

SLOPE  STABLITY  CONDITIONS 
REACH  1 

EXISTING  SOL  CONDITIONS 
LEFT  LEVEE 
REACH  1  AND  REACH  2 
NEW  SOIL  CONDITIONS 

ARWlbvk I  M*C  NO.  BdCWSS- _ S- _ 


TA8LE. 


factor  of 


REACH  CROSS  SECTION 

(Rtf.  min  FS) 


U*fl  Typical  -  E»l*tin* 
Riflhi  Typical  -  c^ttin* 
Call  Compost*  -  +  | 
Compost*  .  «2 


RtVCRSnC  _ 

coc""  eoc . so  oV/fT.’-Sgp 

w/eq  . .  w^eo 

(.3  1.0  _'_-0  .!.£ 

na  na  1.0  i-6  i-0 

ha  NA  1.0  1.5  1.0 

HA  NA  1-0  1.6  1-0 

na  na  1.0  1.5  1.0 


STEADY  SEEPAGE  SUDDEN  DRAWDOWN  AND 

-  CRITICAL  FLOOD  STAGF 


LEFT  LEVEE 


TYPICAL^C  RO  s  s 

SCALE  I  IN*  'OFT 


snApy  afcePAOL 


SUDDEN  DRAWOOWN  ANO 
CRITICAL  FLOOD  STAGE. 


LEFT  LEVEE  NO.  I 


C  0 


MPOStTE  CROS 

SCALE  (IN  •  1C  'T. 


FS  —  FACTOR  OF  SAFETY 

rS#-  FACTOR  OF  SAFETY  WITH  SEISMIC  COEFFICIENT  OF  0.130. 

FSSp-  FACTOR  OF  SAFETY  FOR  FOR  3U00CN  ORAWOOWN 

FScf*  FACTOR  OF  SAFETY  FOR  CRITICAL  FLOOO  STAGE  I  MAXIMUM  DESIGN  FLOOD  CONDITION  1. 

f  -  GENERAL  CROSS-SECTION  GENERALLY  REPRESENTS  THE  MOST 

COMMON  90H.  CONDITIONS:  COMPOSITE  CROSS-SECTION  GENERALLY 
REPRESENTS  WEAKER  MATERIALS  ANO  LOCALLY  HIGHER  LEVEES 

^  —  WATER  SURFACE 


NOTE: 

t  END  OF  CONSTRUCTION  ANALYSIS  WAS  NOT  PI  FORMED  ON 
EXIST**  LEVEES  SINCE  IT  IS  NOT  APPLICABLE. 

2.  SEE  PLATE  A«t  FOR  LEVEE  OCSlSN  PARAMETERS. 

S.  PERCENTS  ttO%  .*0%)  REPRESENT  PCR«NT  RELATIVE  COMPACTIONS  USED  IN 
ANALYSES;  SEE  llVEE  DESIGN  PARAMETERS  TABLE 

A.  STABILITY  CROSS-SECTIONS  ANALYZED  WITH  IV  ON  PH  SlOC  SLOPES. 


VALUE  ENGINEERING  P 


CLAY  »*0%) 

Sano  'Silty 


RIGHT  LEVEE 

TYPICAL  ^CROSS  SECTION 

SCALE  I  m  *  10 FT. 


COMPOS  I  TE^CROSS  SECT  I 

""  "scale :  mn . *  10 FT. 


UGM 


f S  —  FACTOR  Of  SAFETY 

FS*—  FACTOR  OF  SAFETY  WITH  SCIMIC  COEFFICIENT  OF  O.ISG. 

FSjg-  FACTOR  Of  SAFETY  FOR  SuOOEN  DRAWOOWN. 

FScr  fACTOR  Of  SAFETY  FOR  CRITICAL  FLOOO  STAGE  l MAXIMUM  DESIGN  FLOOO  CONOlTIONl. 

+  —  TYPICAL  CROSS-SECTION  GENERALLY  REPRESENTS  THE  MOST  COMMON  SOIL  CONDITIONS: 

1  COMPOSITE  CROSS -SECTION GENERALLY  REPRESENTS  WEAKER  MATERIALS  AND  LOCALLY 
HIGHER  LEVEES. 

y  —  RATER  SURFACE 

NOTE; 

1.  CNO  OF  CONSTRUCTION  ANALYSIS  WAS  NOT  PERFORMED  ON  EXISTING  LEVEES  SINCE 
IT  IS  NOT  APPLICABLE. 

2.  SEE  PLATE  A-29  FOR  LEVEE  DESIGN  PARAMETERS. 

3.  PERCENTS  l*OVSO%)  REPRESENT  PERCENT  RELATIVE  COMPACTIONS  USEO  IN 
ANALYSES ;  KZ  LEVEE  DESIGN  PARAMETERS  TABLE. 

♦  STABILITY  CROSS -SECTIONS  ANALYZED  WITH  IV  ON  2M  SIDE  SLOPES. 


Milt  ENGINEERING  pays 


FACTOR  OF  SAFETY  FOR  SLOPE  STABILITY  ANALYSIS 


RIVERSIDE  lANOSIOE 


REACH  CROSS  SECTION 

EOC 

EOC 

W/EO. 

SO 

CtyFi. 

STAGE 

STAGE 

W/EQ. 

EOC 

EOC 

W/EQ. 

SS 

SS 

W/EQ. 

Re*,  mi*.  F S 

1.3 

1.0 

1.0 

1.4 

1.0 

1.3 

1.0 

1.4 

1.0 

3  Rlqht  Tjpicel  -  Eiisfing 

NA 

NA 

1.2 

1.7 

1. 1 

NA 

NA 

1.6 

i.l 

Left  Cewpoeite  -  E  meting 

NA 

NA 

M 

1.6 

t.t 

NA 

NA 

2.9 

2.0 

Riqltt  C<X»pO*it«  -  £  listing 

NA 

NA 

1.3 

2.3 

1.3 

NA 

NA 

NA 

NA 

FACTOR  Of  SAFETY  TABLE  NOTES! 

EOC  .  End  of  CoMUuctkw 

SO  Sudden  Drawdown 

Ct./n  Cm  I. col  Flood 

SS  Sfeody  Seepage 

W/  EQ.  Applied  Earthquake  Se<*m*  COEF  ■  0.156 

NA . Net  Applicable 


F 


♦VERT 


COMPOSITE^CROSS  SECTION 

SCALE:  MN.*  10 FT. 


RIGHT  LEVEE 


SCALEillN.MOfT 


DATVM  IS  NATIONAL  QgQPCTIC  VCW.TiCAL_DftTUM_Qg-  1121 


■i 

mea 

mono* 

BUI 

r-.-i'i 

If  VISIONS  | 

u.  s.  aamv  mma 

io*  ANoan 
ccmn  or  woi—i 

mum  m 

SANTA  ANA  RIVER  MMSTEM.CALINORNtA 

MASCS  general  design  uemomnoum 

SLOPE  STABLITY  CONDITION 

REACH  3 

EXtSTWQ  SO*.  CONDITIONS 

RIGHT  AND  LEFT  LEVEES 

MC.NO  6ACW06- _ A__.„ 

mrncT  mno- 

VALUE  ENGINEERING  PA 


factor  of  safety  for  slope  stability  analysis 


reach  cross  section 

wn  PS) 

3  l*ft  Typical  -  Me*  ,|  0  F 
Ltff  Typ,c<ii  -  Me*,  *20f 
L»ft  Typical  -  Mpn 


RIVERSIDE 


LANI 


EOC . EDO  SO 

wrea 

I  3  1.0  1.0 


Cf  /El  "StOfl* 
STAGE  W'EQ 

1 .4  10 


EOC 


LEFT  LEVEE  »l  DRAINED  FACE 


typical^  cross  section 

SCALE  1  I  IN  -  10  FT 


CNO  OF  CONSTRUCTION 


LEFT  LEVEE 


TYPICAL'I'CROSS  section 

SCALE  1  IN  10  FT 


tescNp 


rs*  — 
fs._ — 


+ 


facto*  or  safety 

F»CTO»  Of  SAFETY  WITH  SEISNPC  COEFFICIENT  OF  0  ISO 
FAC  TON  OF  SAFETT  FON  SUOOEN  DMNOONN 

FACTO*  OF  SAFETT  FON  CNITICAL  FLOOO  STA8C  (WAX! MUM 
OESION  FLOOD  CONDITION) 

RtmtStNTS  WEAKER  MATERIALS  AND  LOCAUT  HIGHER  LEVEES 
WATER  SURFACE 


NOTES 


I  NfWLEVKS  WINE  ANALTTEO  FON  END  OF  CONSTNUCTlON 
E.  NEW  NEFEENS  TO  THE  SOIL  CONDITION  ANTE*  NECONSTNUCTION 
NtATE  AESNON  LtVEE  DESIGN  NANAMCTENS 

t*0%,00%)  NENNESENT  FfNCENT  NELATIVE  COMPACTIONS 
USED  IN  ANALYSES  i  SEE  LEVEE  OESISN  NANAMETENS  TABLE  ^  0*,> 


MUE  ENGINEERING  PAYS 


OR  OF  SAFETY  FOR  SLOPE  STABILITY  ANALYSIS 


so  cr'/Fi  eoc 

STAGE  FFEO 


FACTOR  OF  SAFETY  TABLE  NOTES? 

EOC . End  ol  Construction 

SO... .  Swddon  Drawdown 

Cr./FI . Critical  Flood 

SS . Stoadj  Stcpoft 

W/EQ  .  .  Applied  Eorttiquako  Soitmic  C0EF»0.I5G 

N  A . Not  Appllcobla 


SAND/SILTY  SAND  I90X) 


SUDDEN  DRAWDOWN 


LEFT  LEVEE  «2  DRAINED  FACE 


:al+  cross  section 


FS.d“  0  ,  fs*.  «t.o 


STEADY  SEEPAGE 


SUDDEN  ORAWOOWNAND 
CRITICAL  FLOOD  STAGE 


LEFT  LEVEE 


AL'CROSS  SECTION 


SCALE  MN  •  10  FT 


U.  t.  AAMY  IHONW  OISTMCT 
LOS  ANOfiS 

_ _ QOBW  OF  WONBU 

SANTA  ANA  RIVER  MAMSTEM.  CALIFORNIA 
PHASE  IT  GENERAL  DESIGN  MCMORANOUM 

SLOPE  STABILITY  CONDITION 
RFAOH  3  AND  REACH  4 
NEW  Sd-  CONDITIONS 
LEFT  LEVEE 


OAtf 


me  mo  aacwov 


VALUE  ENGINEERING  PAj 


qunnEN  DRAWDOWN  AND 
CRITICAL  FIOOO  STAGE, 


EXISTING  CONDITION 


TYPICAL^  CROSS  SECTION 

SCALE: l IN.- 10  FT. 


COMPOSITE^CROSS  SECTION 

SCALE  :  I  IN.»  K>  FT. 


LEGEND 


PS  —  FACTOR  OF  SAFETY 
F$*~  FACTOR  OF  SAFETY 

PS  ■ —  FACTOR  OF  SAFETY  FOR  StlOOER  ORAWOOWN. 

SO 

rs,^—  FACTOR  OF  SArtTY  FOR  CRITICAL  FLOOD  STAGE  (MAXIMUM  DESIGN  FtjOOD  COMDlTloM). 

,  TYPICAL  CROSS-SECTION  GENERALLY  REPRESENTS  THE  HOST  COMMON  SOIL  CONDITIOHS: 
T  —  COMPOSITE  CROSS -SECTION  OERERAUT  RTPRESERTS  WEAKER  MATERIALS  ANO  LOCALLY 

WISHER  levees, 
water  surface 


NOTES 

I.  EHO  pf  COMSTRUCTIOH  ANALYSIS  WAS  HOT  RCRFORMEOOH 
EXISTIRS  LEVEES  SIRCE  IT  IS  ROT  APPLICASLC 

STREW "  REFERS  TO  THE  SOIL  COMOITIOR  AFTER  RECONSTRUCTION. 

S.  SEE  PLATE  » -59  FOR  LEVEE  DESIGN  PARAMETERS. 

<  PERCENTS! 90%,SO%)  REPRESENT  PERCENT  RELATIVE  COMPACTIONS. USED  IN  ANALYSES;  SEE  LEVEE  OESIGR  PARAMETERS  TABLE. 


VALUE  ENGINEERING  Pi 


BMOi 

1 


typical^-  cross -section 


LEGEND 

FS  -  FACTOR  Of  SAFE' 
FS* FACTOR  OF  SAFE 
FSeoc- FACTOR  OF  3 
FSS0  -FACTOR  OF  Si 
T  -TYPICAL  CRC 
V  -WATER  SURF 


1  SIDE  SLOPES  IN  RE  J 

2  SEE  PLATE  29  Fi 

3  PERCENTS  ISO  V  0 
SEE  LEVEE  OESIGF 

A  STABILITY  cross  ■ 

5  NEW  LEVEE  WAS  A» 

6  'NEWREFERS  tO  Tt 
T  E*iST'Nr  EVEESW 

PRESSURE  BUILD 
8  FOR  SUDDEN  DRAW 
SEE  PARAGRAPH  F 


WEAK  EMBANKMENT 


*-  Mu 


__  CROSS  SECTION _ 

IReij  min  FS» 

TYPICAL -EXISTING 

WEAK  EMBANKMENT  -  EXISTING 

NEW -TO  BE  CONSTRUCTED 


_ LANOSl^_ 

EOL  EOC  *~SS 
W/EO 


.FACTOR  Of  SAFETY  TABLE  NOTES- 
EOC  End  ol  Conti r gel > on 

SO . Sgdden  Drawdown 

Cf  /FI  ....  CrUleol  Flood 
SS  Stood*  Seepoge 

W/EO  Applied  Eortfegwoke  Soitmic 

COEF  »0  I5G 

NA  Not  Applicable 


SILTY  SANO  ISO  %1 


NEW  LEVEE 


FS -FACTOR  OF  SAFETY 

FS ‘-FACTOR  OF  SAFETY  WITH  SEISMIC  COEFFICIENT 
FSt0C- FACTOR  OF  SAFETY  FOR  ENOOF  CONSTRUCTION- 
F$so  -FACTOR  OF  SAFETY  FOR  SUOOEN  DRAWDOWN 

-TYPICAL  CROSS -SECTION  GENERALLY  REPRESENTS  THE  MOST  COMMON  SOIL  CONDITIONS 
-WATER  SURFACE 


1  SIDE  SLOPES  IN  REACH  5  ARE  CONCRETE  LINED 

2  SEE  PLATE  29  FOR  LEVEE  DESIGN  PARAMETERS. 

3  PERCENTS  ISO  X,  $0  %>  REPRESENT  PERCENT  RELATIVE  COMPACTION  USED  IN  ANALYSIS . 

SEE  LEVEE  DESIGN  PARAMETERS  TABLE 

4  STABILITY  CROSS  SECTIONS  ANALYffO  WITH  IVON  2H  SIOE  SLOPES 

5  NEW  lEvEE  WAS  ANALY2ED  FOR  END  OF  CONSTRUCTION 

6  *NEW*REFERS  TO  THE  SOIL  CONDITION  AFTER  RECONSTRUCTION 

T  EXISTING  LEVEES  ACRE  ANALY2ED  AS  STATIC  CASES.  I.E  WITHOUT  EFFECTS  OF  EXCESS  PORE 
PRESSURE  BUILO  UP 

«  FOR  SUOOEN  ORAWOOWN  CASE .  SATuRATEO  EMBANKMENT  IS  DUE  TO  HIGH  GROUND  WATER  TABLE 
SEE  PARAGRAPH  *-07 


SCALE  I  IN  «  '0  FT 


U.  S.  ARMY  ENGINES  DtSTWCT 
LOB  ANGELES 

_ COB  ft  Of  ENQRMSS 

SANTA  ANA  RfVEft  UAH STEM,  CAiPORNM 
PHASE  I  GENERAL  OESWN  ICMORAFRXJM 


SLOPE  STABILITY  CONDITION 


VALUE  ENGINEERING  P 


bw at 

5 


SILT  FOUNDATION 


FS  -  FACT 
F$«-  FACT 
FS— -  FACT 
FS,0  FACT 
£  -  *ATE 


NOTES 

1  SIDE 

2  SEE 

3  PEKO 
COMP 

A  STAB 


IMVCWT  V 


3  CKO 


UUE  ENGINEERING  PAYS 


FACTOR  OF  SAFETY  FOR  SLOPE  STABILITY  ANALYSIS1EM  II  IQ -2-1913  DATED  31  MARCH  1978) 


bkoi  C92S5  sanan _ 

(R«q  mtn  FS) 


_RjVro»€ _ _  LANDSOE 


EOC  EOC  SO  CR  FL-Stofl* 

w/ed _  S£E o 

13  I  o  1.0  I-4  1  o 


eoc  EDC  SS  ss~ 

_ _ JWEq 

13  10  1.4  J.o 


5 


SILT  FOUNDATION  -  EXlSTfcG 
CLAT  FOUNDATION  -  EXISTING 
SAND /SI LIT  SANO  FOUNDATION' 
EXISTING 


18  1.7  1.4  NA  NA 

22  21  16  NA  NA 

1.7  1.4  12  N*  *A 


NA  NA  NA  NA 

22  2  I  NA  NA 

25  16  NA  NA 


FACTOR  OF  SAFETY  TAW  F  NOTES. 


EOC . End  of  Construction 

SD . Sod  (ten  OgvOown 

Cr.  /  FI . Critic ol  Flood 

SS.  . Steady  Stepapt 

WFEO  Applied  Corlftpuok*  Seismic  COEF  »0  136 

NA . Not  Applicable 


SAND /SILTY  SAND  FOUNDATION 


LANOSlOC 


LS.GCNQ 

FS  -  FACTOR  OF  SAFETY 

FS*-  FACTOR  OF  SAFETY  WITH  SEISMIC  COEFFICIENT 
FS^c FACTOR  OF  SAFETY  FOR  ENO  OF  CONSTRUCTION 
FS,e  FACTOR  OF  SAFETY  FOR  Sl'OOCN  ORAWOOWN 
£  -  WATER  SURFACE 


NOTES 

1  SIDE  SCORES  IN  REACH  3  ARE  CONCRETE  UNCO 

2  SEE  PLATE  29  FOR  LEVEE  DESIGN  PARAMETERS 

3  PERCENTS  190%. 90%  >  REPRESENT  PERCENT  RELATIVE 
COMPACTION  USIO  IN  ANALYSIS.  SEC  LEVEE  OCSKSN  PARAMETER  TABLE- 

4  STABILITY  CROSS  SECTIONS  ANALYZED  WITH  iv  ON  2H  SlOC  SLOPES. 


5 


6 


CNOOF  CONSTRUCTION  ANALYSE  VMS  ROT  PERFORMCO  OR  CXTSTMG  LEVIES 
IRSTEAO  A  STATIC  ANALYSIS  WAS  PERFORMED  I.E.  WITHOUT  EFFECTS  OF  PORE 
PRESSURE  build  lr 


FOR  SUOOCN  ORAWOOWN 
GROUND  WATER  TABLE 


CASE .  SATURATED  EMBANKMENT  IS  DUE  TO  HfcH 
SEC  PARAGRAPH  fl-07 


SCALE  I  IN  •  10  FT 

* . <{  *f  y 


REVISIONS 


U.  S.  ARMY  ENOMNi  MlMCT 
LOS  ANOBSS 

_ COATS  OF  EMPIRES > 

SANTA  AHA  RTVTT1  MAMTFIA.  CALFOFKA 
PHASE  »  OETCNAL  DEMON  MEMORANDUM 


•MWNir- 


SLOPE  STABILITY  CONDITIONS 


T 


END  OF  CONSTRUCTION 


CRITICAL  FLOOD  STAGE 


IIP  engineering  pays 


factor  OF  safety  FOR  SLOPE  STABLITY  ANALYSIS  n„Tcn„ 


MARCH  t97a) 


CROSS  SECTION 

<R«q  min  FS) 


_ RIVERSIDE _ 

EOC  EOC~  ~S0“  CR/fL- sioQt 
w/EO  »/EO 

13  l.O  I  0  1.4  l.O 


_ CANOSIOE 

EOC  e<5c  "  ss  si  ' 

_ _  *'E0  W/EQ 

J3  1  0  14  io 


Left  Tjoieol  -  New 


NA  NA 


FACTOR  QF  SAFETY  TABLE  NOTE?_ 


EOC . End  o(  Conti  fuel  ion 

SO . Sudden  Drowdown 

Cf  /  Fi  .  Critieoi  Flood 
SS  . Steady  Seepoge 

W/EO..  .  Applied  Eorthquoke  Seitmic  C0EF«0.l5G 
NA  Not  Applicable 


[RS'OC 


LE6EN0 


FS  -  FACTOR  OF  SAFETY 

Ft*-  FACTOR  OF  SAFETY  WITH  SEISMIC  COEFFICIENT 
^  -  WATER  SURFACE 

- -  -  TOE  SACKFItC  SOUNOARlCS 

NOTES: 

I  .  STEAOY  SEEPAGE  CONOITtON  WAS  NOT  iNauOEOt  SNCE  rT  IS  HOT 

AFPUCAtLC. 

1  .  FCRCEWTS  (90%,  00% I  REPRESENT  PERCENT  RELATIVE 
COMPACTIONS  USED  IN  ANALYSES,  SEC  LEVEE  OCSIQN 
PARAMETERS  TAOLE. 

>  STABILITY  CROSS  SECTIONS  ANALYZED  WITH  IV  ON  2H 
SIOC  SLOPES. 

4  FOR  OCSION  PARAMETERS  TASLE  SEE  PLATE  A-ZS 


U.  S.  ARMY  CNOMHR  MHIG 
lOS  ANGELES 
OOtn  OF  MOMHU 


SANTA  ANA  NIVEN  MAM8TEM.  CAL  FORMA 
PHASE  •  GENERAL  DESIGN  MEMORANDUM 


1TB 


SLOPE  STABILITY  CONDITIONS 
SANTA  ANA  CANYON 
GREEN  RIVER  GOLF  COURSE 


VALUE  ENGINEERING  PAYS 


P49 


w: 


A\  BLUE  DIAMOND  MATERIALS 
IRVINE,  CA. 

A  FOSTER  SAND  AND  GRAVEL  CO 
CORONA,  CA. 

A  OWL  ROCK  PRODUCTS  CO. 
RIALTO.  C  A. 

fi\  TRANSIT  MIXED  CONCRETE  CO 
AZUSA, CA. 


vm 


m 


CEMENT  SOURCES 

|T|  CALIFORNIA  PORTLAND  CEMENT  CO 
\  COLTON.  C A. 

t 

i  [£]  KAISER  CEMENT  CO 
—  LUCERNE  VALLEY.  CA. 

^  0  RrvERSlOE  CEMENT  CO 

RIVERSIDE. CA. 

[Tj  SOUTHWEST  CEMENT  CO- 
VICTORVILLE  .CA 


POZZOLAN  SOURCES 


^  PHOENIX  CEMENT 
JOSEPH  CITY.  AZ. 

(2)  WESTERN  ASH  CO. 
PAGE, AZ- 

@  WESTERN  ASH  CO 
COCHISE,  AZ. 


U.  t.  MMT  IMGMRI  Ottltl 
lOt  aMMUS 

coin  Of  CNOMRIi 


SANTA  ANA  NIVEN  MAMS  TEN.  C4UW3W— 
PHASE  II  IENCNAL  0CSI8N  MCMQNANOUW 


LOWER  SANTA  ANA  RIVER  CHANNEL 

SOURCES  OF  AGGREGATES  CEMENTS 
ANO  POZZOLANS 


GEOTECHNICAL 


ATTACHMENT 


DKPARTMINT  OP  TNI  AMT 
SOUTH  PACIFIC  DIVISION,  CORPS  OP  SNOINCKKS 
LABOKATOKY 


LOWER  SAHXA  AHA.  RIVER 


REPORT 

OF 

SOIL  TESTS 


EDITED 


SAUSAUTO.  CAIIPOINIA 


Janu&ry  i960 


REPORT 

OP 

SOIL  TESTS 


LCWER  SANTA  AKA  RIVER 
JANUARY1  1980 


AUTHORIZATION 

1.  Result »  of  testa  reported  herein  were  requested  by  the  Los  Angeles 
District  in  laboratory  request  No.  CIV-80-12  dated  29  October  1979  and 
change  order  No.  1  dated  28  November  1979 • 

2.  Three  undisturbed  and  eight  disturbed  samples  ware  received  on 

7  September  1979*  Identification  of  the  sasples  are  shown  on  the  Test 
Result  Summary,  plate  1. 


TEST mO  PROGRAM 

3.  The  program  was  in  general  accordance  vith  the  test  request  end  in¬ 
cluded  compaction,  classification,  specific  gravity,  direct  shear,  "If 
triaxial  compression,  consolidation  sad  permeability. 

TEST  METHODS 

**•  a.  Grain-size  Ananlyala,  Ktterberg  Limits,  Specific  Gravity,  Compaction, 
Permeability,  Direct  Shear,  Triaxial  Compression  and  Consolidation.  Testing 
methods  conformed  to  the  procedure  described  in  S^ineer  Manual,  EM  1210-2- 
1906,  "Laboratory  Soil  Testing,  "  30  November  1970. 

b.  Classification.  The  soil  was  classified  in  accordance  with  "The 
Unified  Soil  Classification  System,"  TM  No.  3-357,  Appendix  A,  April  i960. 

RESULTS 

3.  Results  of  tests  are  shown  on  the  following  plates: 


SUBJECT  PIATB  NO. 


Soli  Test  Result  Summary  1 

Plasticity  Chart  2 

Compaction  Test  Report  3-6 

Direct  Shear  Test  Report  7-11 

Triaxial  Compression  Test  Report  12-23 

Consolidation  Test  Report  23  -  35 

Permeability  36 
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iSaS 


HOtIZ.  Of  FORMATION,  IN. 


IHIAI  STHNCTH  fOAMITW 


TAN  4'  m. 


cohuoub  iratu 

CONTKXilO  IT1A1M 


TUT  NO. 


WMUCOMIWT 


vosiatto 


imvution 


ii/curr 


VOS  RAHO  AflU 


VOS  RATIO 


uiuunoM 


rut*.  t/$o  ft 


ACTUM  tun  TO 

IAAUS.  MM 


IATI  0»  ITIAM,  m./« 


IA1MATI  mu 
ITMII.  T/IO  FT 


A 

B 

C 

ms 

fm 

WM 

TO 

0.744 

na 

ISQKfl 

98.1 

98.3 

96.0 

HSS0H1 

mm 

0.686 

Bfl 

26.3* 

24.6* 

23.2* 

0.721 

0.674 

0.636 

1.00  2.00  4.00 


170  I  220  I  33 


t  Of  VtQMIN 


IfMAHt 


tent. 


Refolded  to  95*  maximal  1"°*°  LOWER  SAlfCA  AKA  RIVER 


|-#*T  41  1  I 


no  7q.q 
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HOtttZ.  OffOKMATION,  IN. 
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™"  of  mcmm*  Remolded 


custMCATWN  Silty  Sand  (SM) 
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♦  1%  water  content. 


NMfOIW 
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ACTvuu  nm  to 
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IATUUITOM 


T/| SR 


mm.  if  to  ft 
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MWAH  MM 
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B 


•9 


*  15.6* 


•  572  0.577  f  0.581 


70  %  72  *  72  % 


107.1  106.9  106.6 
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17.7*  17.2* 


0.534  0.513  0.473 


98  *  93  *  98  * 


1.00  2.00  4.00 


0.77  1.41  3.08 


285  385 


.0014  .0014  .0013 


3£  h.m»«  0.50 


94* 

max 

• 

noma  LOWER  SAlfCA  AHA  RIVER 

\m 


I  NO.  7 


6.0  -  9. 
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coMT«ot.L(»-  strain 

oocxixtiom  o»  txtcmxwi  Sandy  ? 


mm 

P - 

MOL  ITH^  «,  7/ tO  XT 

— r 

8 

10 

12 

CMIN  NO. 

A 

B 

c 

■A TAN  CONTORT.  0 

•• 
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20.5 

DOT  NNUTV 

n 

3 
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•• 

01.  i 

LQ1.1 

.00. 7 
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H 

80 

81 

81 
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* 
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f 
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■ 

ff 
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s 
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- 

• 
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2.8  I  2.8 
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wtwa  Remolded  to  95^  maximum 
denalty  at  optimum  water 
content. 
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AUTHORIZATION 

1.  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
District  in  laboratory  request  No.  CIV-83-108  dated  20  July  1983. 

SAMPLES 

2.  Thirteen  undisturbed  tube  samples  and  17  sack  samples  were  received  on 
21  June  and  25  July  1983.  Identification  of  samples  is  on  the  Soil  Test 
Result  Summary,  plates  1  and  2. 


TESTING  PROGRAM 

3.  The  program  was  in  accordance  with  the  test  request  and  verbal  instructions 
from  Mr.  C.  Sands /SPLED-GD,  and  included  laboratory  classification  tests,  tri- 
axial  shear,  field  unit  weight,  and  compaction  tests. 

TEST  METHODS 

4.  a.  Grain-size  Analysis,  Atterberg  Limits,  Compaction,  Specific  Gravity. 
Field  Unit  Weight,  and  Triaxial  Compression.  Testing  methods  conformed  to  the 
procedures  described  in  Engineer  Manual,  EM  1110-2-1906,  "Laboratory  Soil 
Testing",  30  November  1970. 

b.  Classification.  The  soils  were  classified  in  accordance  with  the 
"Unified  Soil  Classification  System",  TM  3-337,  Appendix  A,  April  1960, 
reprinted  May  1967. 

RESULTS 

5.  Results  of  tests  are  shown  on  the  following  plates: 


Subject  Plate  No. 

Soil  Test  Result  Summary  1-2 

Plasticity  Chart  3-4 

Compaction  Test  Report  5-14 

Triaxial  Test  Report 
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AUTHORIZATION 

1.  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
District  in  laboratory  request  No.  E86-85-0057  dated  14  March  1985. 

SAMPLES 

2.  Twenty-two  undisturbed  samples  in  brass  and  plastic  tubes  were  received 
on  17  January  1985.  Twenty-six  disturbed  samples  in  sacks  were  received 
on  25  March  1985.  Identification  of  samples  is  on  the  Soil  Test  Result 
Summary,  plates  1-2  and  36-37. 


TESTING  PROGRAM 

3.  The  program  was  in  accordance  with  the  test  request  and  included 
laboratory  classification  tests,  unit  weight,  unconfined  compresssion, 
direct  shear,  consolidation,  triaxial  shear  and  compaction. 

TEST  METHODS 

4.  a.  Grain-size  Anlaysls,  Atterberg  Limits,  Unit  Weight,  Compaction, 
Specific  Gravity.  Triaxial  Compression,  Unconfined  Compression,  and 
Consolidation.  Testing  methods  conformed  to  the  procedures  described  in 
Engineer  Manual,  EM  1110-2-1906,  "Laboratory  Soil  Testing",  30  November  1970. 

b.  Classification.  The  soils  were  classified  in  accordance  with  the 
"Unified  Soil  Classification  System",  TM  3-337,  Appendix  A,  April  1960, 
reprinted  May  1967. 

RESULTS 

5.  Results  of  tests  are  shown  on  the  following  plates: 
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CONTROL  LEO*  StTaiH  T€tT 


oescrirtionordreomens  Silty  SandCSM 


ULTfMATK  OC VIATOR 


INITIAL  DIAMETER,  IN. 


INITIAL  HEIGHT,  IN. 


\mm\ 

Rl 

tyre  of  ***c’"t"Undi 

LOWER  SANTA  AN 


ENE  FORM  NO. 
REV  JUNE  HR 


OERTM/CLt> 


OATE 


Till  AXIAL  COMPRESSION  TEST  REPORT 


PREVIOUS  EDITION  it  OOSOLETt 


TRANS.UCCHT 


(EM  tt 10-2-1906) 


4,  // 


■■■■■■■■■■■■■■■■■•■■■■■■■■■■■■■■■■■■■■■IB 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■  IBRRBBHBBBBBBBBR  BBBBIlBBBBBBBBBflBa 
■  ■■  •■  BB'IBBBBBBBBg IBRBBI  BBBBI'aBBflBBBBBBRal 
IIIIIIR!IBIIII  llllillllllllllll  ■■■■■■BBIIIBI 
■bibbbb  aaaBBiiBaaBiiBBBBiiBBBfli  ■■■■■■■■■■■Bi 
RaaiaaBaaaaBiRRBafagBgiaBBa'aaaaBBaaBaaiB 

■■■■Hr.iiiuiiiii:*miimr4iiiBaiiiHBBiiiil 
■  ■■iaiiaLiaiBiiiihaiiiiBiHfediiiiiBiiiBiiiiai 
■BBBBBflBBBBBBBBBBBflaBBBBBBBBBBBBBBBBBBBBBBBI 
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llBaaaBaaaaaaBaaaBaaaBBaa 


laaaaBBBaaaBBa 

SgBMMBsaasiBBi 
■■BaaBagaBBai 
laaaflflBaiBflBgl 
laaaBBBaBBBfltia 
laaaaaea^siaai 
laaaaBBaBaaaai 
|aaaBBSBBBaBsi 
■BBBBBBBBBBBBi 
laBBBBBBBiBBBl 
laaBBBBBBflaaafl 

laflaaaBBflBaaBBBflaBBBBBflBflaBaaBBBBBBaBagBaTii^HHBIHm 

BaiiillggaaiBBBBBBBBBBBaBBBBBBBBggBBBBBBBBBBBBBBBBBBBBBB 
HMMHHH|aaaaaaaBBaaai*a«BaaaRaBBaBaaaaaBBBBBBBflBBiB 
RIBIBBBBIBr^BBnBk^BBBBBaaBBBfliaBBBBIHBflBBIB 
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IRBBBBBBBBBRBBI 


■■■■■■aiaiiai 

|BaaBBBBBBBB> 

■BBaiB<;s^Brii 

iBBBBfl'iflCi^KIB 

hBiaiiaiiB ■■ 


BBBBBIBr'kBia 
■BBBBBr itBBRBB 


I  ■■r.aaiaaBiBBB 

lar  IBBBBBBBBBB 
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BBBB 

BABB 
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aar«B 


iBBB^BBBBaaaaa 


IIIFjBBBBBBBBBI 
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IlIBBBBBBBBrB- 
IraaBiBrSdLRi 
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IlIBBl  JRBBBBBI 
I  IBBaiBBBBBBI 
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■kBtfhl 


smccmcn  mo. 


IWATCN  COMTCMT.  % 


TUMATIOM.  % 


ATOM  COMTCMT ,  % 


ATUMATtOM.  \ 


>SUMC.  T /JQ  FT 


52.8  39.3  I  39.5 


68.0  78.5  78.5 


96  92  92 


1.497  1.162 


52.3  39*7  I  38.0 


70.0  181.6  [83.5 


100  100  100 


1.424 


7.20  7.20  7.20 


1.00  I  2.00  4.00 


coNTMiuro.  Strain  r 


MieainiM  o*  ihcmm  Clay  (CH 


initial  OIAHCTK*.  IK. 


TttT  I  INITIAL  MCIOMT,  M. 


1.43  1.43  1.43 


69  K  26  |«  43  1  *•  2.72 


tyM  or  INCCIMCN 


LOWER  SANTA  ANA  RIVER 


OaATM/ILKV 
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TRIAXIAL  COMPRESSION  TEST  REPORT 


AAtvIOU*  lOITION  il  MKKTt 
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(EM  1110-2-1906) 
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NCMAHKt: 


«•  2.71  r*»«o*»*«c.MCN  Undist 
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I  aaaa 
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SPECIMEN  MO. 


I  WATER  CONTENT.  % 


i  SATURATION.  % 
VOiO  RATIO 


ATBR  CONTENT.  % 


hi 


M  MATURATION.  % 

l  r 


rcssurc.  t /so  rr 


_ 

R 

r 

21.5 

17.4 

1 21.4 

103.1 

B5BWBC 

93 

75  1 

98 

BKRtjRRSUnRS 

22.8 

EEZ9 

21.0 : 

100 

100 

1 100 

.aaaa aaaa aaaaaaai 


ULTIMATE  OEV'ATOR 


it  li-i  4 1  imw*  .*i 


INITIAL  OIAMCTIR.  IN. 


INITIAL  NklOHT,  IN. 


3.22  3.22  3.22 


ocknirtion  ON  mciMNk  silty  Sand(SM 


r-  np 


«•  2.68  r^oTwcM.  Undisturbed 


PNOJkcT  LOWER  SANTA  ANA  RIVER 


Div.  No.  91058 


aoNiNONO.  TH-84-2534  »a«rl«  no.  20-1 


0€NTH/«L«V  20 


L..ONATONY  SPDL  |  °*T*  December  198 


Til  AXIAL  COMPRESSION  TEST  REPORT 


MV  tVHt!  1*T0  **•  »N«V10U«  IBlTION  l»Ok«OL*Tt 


TRANtLUCtNT 


(EM  1 1 10—1—1906) 
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in 
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laa  '.BBauaBflBBaaaaaaBB 
■T  BBBrJBBBBBBBBBBBBB 


I  r  n 


W»T*»  CONTENT.  » 


■V  DENSITY 
«/CUft 


TUNATION.  % 


OIO  RATIO 


ATEN  CONTENT.  % 


ATUNATION.  % 


E1EUNE.  T/SQ  AT 


24.81  23.8 


95. 5|  97.3 


0.758  0.726 


27.7 


96. 2| 98.7 


100  100 


0.745  0.700 


7.20  7.20 


l.ooU.oo 


cortaolcco-  Strain  ™T 


oesca^tion  oa  mcMN  Silty  Sand(SP-SM 


initial  diameter.  in. 


INITIAL  MEIOMT,  IN. 


1.40 

1.40 

3.22 

3.22 

TYAioniAicxN  Undist 


aaoject  Lower  Santa  Ana  River 


Kno  womm  mo. 
MV  iUM< 


PfttVIOUt  COtTlOM  (•OOBOt.tTt 


LAIOHATOMV  SPDL  OAT«  December  1985 


TRUXIAL  COMPRESSION  TEST  REPORT 


TRANSLUCENT  (EM  1110-2-1906) 


\ 

J 


20  25 


[SSSfMI 


Mi! 


Type  at  Specimen 


Undisturbed 


Before  Teet 


Bt 

in. 

25.4  i 

B! 

Overburden  Preeeure,  Po 

T/eq  ft 

Preconeol.  Preeeure,  pc 

T/eq  ft 

Coepreeiloo  Index,  Ce 

Cleeelflcntlon  Clay 

(CH) 

96  * 


99. 


*20  e  ■  X  10*  ci/nc 


After  Teet 


22.6  * 


100  * 


Li,  56 


A"****  Dlv.  No.  91051 


Project  LOWER  SANTA  ANA  RIVER 


ins  teen 

i  II 


Boring  Bo.  84-1810B  Ssapls  No.  4 -2 


U**1  15  April  1985 


CONSOLIDATION  TEST  REPORT 


RRCVtOUS  CQfTlORt  ARC  OC*OLCT«.  (TRANSLUCENT)  *  9434 


CPO  046.7)6 


p  /af<T  2  O 


Mfi 

IlllllliSI 


20  2$ 


SBBBills! 


min 

min 

1  20  2; 

» 

Type  at  Specimen 


" - - - Undisturbed 


DIwk  2.2  in.  Bt  0.50  i»* 


Overburden  Preaeure,  pp  T/#q  ft 


Preconsol.  Pmnin,  pe  T/eq  ft 


Before  Teet 


0.838 


95  * 


After  Teet 


0.584 


100 


IX  37 


PL  18 


Div.  No.  91055 


it«  •  x  10*  cm/ tec 


Project  Lower  Santa  Ana  River 


Aren 


Boring  Io.TU-84-2301  ' 


Death 

U  20  Date  A 


CONSOLIDATION  TEST  REPORT 


•eeviout  ee>riee»  aat  omhiti  mumtuetery 


*  in*  /7  V 
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SPECIMEN  NO. 


WATER  CONTENT.  % 


B 

c 

10.3 

10.2 

111.0 

L11.2 

2  SATURATION.  X 
VOlO  RATIO 


*ATf  R  CONTENT .  X 

E  - 

<  DRV  OENSlTV 
X  CR/CU  FT 

M 

Ml  SATURATION.  * 

«  _ 

O 

t  VOlO  RATIO 

W  _ 

•  FINAL  RACK 

PRESSURE.  T.'SQ  FT 


MINOR  PRINCIPAL 
STRESS.  T  SO  FT 


MAXIMUM  OCVIATOR 
STRESS.  T  SO  FT 


0.512 


111.4  111.2 


100  I  100  100 


0.510 


7.201  7 . 20|  7.20 


2.50  3.66|  4.97 


W'mam 


INITIAL  DIAMETER.  IN. 


INITIAL  HElOHT.  IN. 


controlleo.  Strain  ™T 


mcoxttofmcM.1  Sandy  Silty  Clay  (CL) 


2.8 

2.8 

6.45 

6.45 

U  41 

K  24 

-  17 

*•2.69 

91510 

Remolded  to  90% 

max.  density  at 

FnojtcT  Lower  Santa  Ana  River 


•Oft  I  NO  ftO.  0801 


oeptm/elbv  15-18 


LABORATORY 


TtlAXIAL  COMPRESSION  TEST  REDOUT 


CNR  FORM  NO. 
REV  4UNC  IS  TO 


!■■■■■■■■ 


E§lnBaggMg5SBBg|^a 

liriiKiiiiKMiSiiKiiiSiiKKiiiKKSiiiiKiWKKKigjjjjjjjjjjjggil 


iSKUSH«HHiSSSSS«SSS:SSSS:5S:5SSSSS?7nnaHS5n55->22aa>H-n5- 
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AUTHORIZATION 

1.  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
District  in  laboratory  request  No.  E86-86-0033  dated  10  December  1985. 

REFERENCE 

2.  "Report  of  Soil  Test,  Lower  Santa  Ana  River",  December  1985,  South 
Pacific  Division  Laboratory,  Sausallto,  California. 

SAMPLES 

3.  Disturbed  samples  contained  in  sacks  were  received  25  March  1985. 
Identification  of  samples  is  shown  on  the  Soil  Test  Result  Summary,  Plate  1, 
and  in  referenced  report. 


TESTING  PROGRAM 

4.  The  program  was  in  general  accordance  with  the  test  request  and 
included  compacation  and  permeability. 

TEST  METHODS 

5.  Permeability  and  Compaction.  Testing  conformed  to  the  procedures 
described  in  Engineer  Manual,  EM  1110-2-1906,  "Laboratory  Soil  Testing," 
30  November  1970. 

"^SULTS 

6.  Results  of  tests  are  shown  on  the  following  plateai 


Subject  Plate  No. 

Soil  Test  Result  Summary  1 

Compaction  Test  Report  2 

Permeability  3 
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I.  GENERAL 


Purpose  and  Scope 

1-01  This  section  presents  the  results  of  investigations  made  for  the 
Lower  Santa  Ana  River  in  connection  with  the  flood  control  channel 
improvement  as  the  River  empties  into  the  Pacific  Ocean.  The  objective 
of  this  appendix  is  to  provide  the  structural  design  of  the  Santa  Ana 
River  Channel  Jetties,  the  training  dike,  and  to  determine  the  impact  of 
shoreline  changes  as  a  result  of  the  Santa  Ana  River  Flood  Control 
Project. 


*  f 


PHOTO  1:  UDOKMG  UPSTREAM  FROM  MOUTH  LEAST  TBTN  hESTNG  COLONY  TO  THE  LEFT  OF  TALBERT  CHAMTEL 
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II.  EXISTING  CONDITION 


Location 

2-01  Flows  from  the  Santa  Ana  River  empty  into  the  Pacific  Ocean 
between  the  cities  of  Huntington  Beach  and  Newport  Beach.  The  two 
cities  occupy  the  plateau  area  which  rises  about  40  feet  above  the 
shoreline.  Adjacent  to  the  river  on  the  northeast  side  of  the  Pacific 
Coast  Highway  is  a  degraded  marsh  area  used  for  oil  production.  The 
shoreline  is  a  continuous  beach  broken  by  the  Santa  Ana  River  jetties, 
and  the  beach  is  about  700-800  feet  wide.  The  beach  upcoast  of  the 
river  (Huntington  Beach)  is  maintained  by  the  California  State  Parks  and 
Recreation  while  the  beach  downcoast  (Newport  Beach)  is  maintained  by 
the  City  of  Newport  Beach.  The  existing  Santa  Ana  River  mouth  is 
composed  of  four  stone  jetties  separating  the  Talbert, 
Greenville-Banning,  and  the  Santa  Ana  River  channel  ocean  outlets. 

2-02  The  center  and  main  channel  is  the  Santa  Ana  River  flood-control 
outlet.  The  downcoast  outlet  is  the  Greenville-Banning  and  the  upcoast 
outlet  i3  the  Talbert  Channel.  See  photo  1,  page  B-I-2. 


Santa  Ana  River  Jetties 

2-03  The  Santa  Ana  River  jetties  consist  of  two  rubble  mound  structures 
from  Pacific  Coast  Highway  (PCH)  to  the  ocean,  terminating  near  the  low 
water  line  on  Huntington  Beach,  a  distance  of  about  903  feet.  The  two 
jetties  form  the  main  channel  of  the  Santa  Ana  River.  The  east  jetty 
(downcoast)  is  about  850  feet  long.  The  west  jetty  (upcoast)  is  about 
480  feet  long  and  connects  with  a  vertical  concrete  wall  about  420  feet 
long  to  PCH.  The  crest  elevations  of  the  two  jetties  are  about  +10  feet 
mean  sea  level  (MSL).  The  river  side  slopes  of  the  Jetties  is  IV  on  2H 
and  IV  to  1.75H  on  the  back  side. 


B-II-1 


Shoaling  of  Santa  Ana  River 


2-04  The  Santa  Ana  River  jetties  were  constructed  in  1958,  to  convey 
floods  from  the  Santa  Ana  River  to  the  ocean.  The  width  of  the  river 
varies  from  about  170  feet  at  PCH  to  about  320  feet  at  the  ocean.  The 
invert  of  the  river  was  excavated  to  a  -4.76  feet  MSL  or  -1.96  feet  mean 
lower  low  water  (MLLW)  by  Orange  County  Flood  Control  District  during 
the  construction  of  the  two  jetties  in  1958.  Since  1958,  the  river 
mouth  has  shoaled  with  littoral  material  to  an  estimated  elevation  of 
+5.0  feet  MSL  or  +7.8  feet  MLLW.  The  Flood  Control  District  often  times 
has  to  remove  portions  of  the  littoral  material  during  the  summer  months 
in  the  riverbed  to  provide  a  low  flow  channel  for  tidal  exchange  in  the 
river. 

2-05  A  river  mouth  closure  study  was  made  by  Tekmarine,  Incorporated, 
Sierra  Madre,  California,  for  the  Los  Angeles  District  in  1986.  Fifteen 
aerial  photographs  taken  between  June  1974  and  July  1985  were  analyzed. 
Six  of  the  photos  were  taken  during  the  summer  (May -Oct)  and  nine  were 
taken  during  the  winter  months  (Nov-Apr).  The  analysis  indicated  that 
the  Santa  Ana  River  was  open  on  11  occasions  (73  percent).  The  analysis 
also  indicated  that  when  the  Santa  Ana  River  mouth  was  closed,  the  sand 
plug  appeared  to  have  been  created  by  littoral  material  moving  to  the 
northwest  (upcoast  direction). 


Talbert  Channel  Jetty 

2-06  The  Talbert  Channel  jetty  is  a  rubble  mound  structure  about 
200  feet  long  that  begins  near  the  low  water  line  on  the  State  Beach 
extending  landward  to  join  with  the  stone  revetment  of  the  Talbert 
Channel.  The  crest  elevation  of  the  jetty  is  about  +10  feet  MSL.  The 
slopes  of  the  jetty  is  IV  to  2H  on  the  channel  face  and  IV  to  1.5H  on 
the  back  side. 


Shoaling  of  Talbert  Channel 

2-07  The  rubble  mound  jetty  and  stone  revetment  on  the  upcoast  end  of 
the  Talbert  Cf-  mel  and  the  Santa  Ana  River  west  jetty  form  the  ocean 
outlet  for  the  Talbert  Channel.  The  outlet  is  about  880  feet  long  from 
PCH  to  the  ocean.  Talbert  Channel  is  a  trapezoidal  earth  channel  that 
was  constructed  by  Orange  County  Flood  Control  District  in  the  1960*s  to 
collect  and  convey  local  storm  runoff  in  the  cities  of  Fountain  Valley 
and  Huntington  Beach  to  the  ocean,  a  distance  of  about  5.7  miles.  The 
outlet  channel  is  about  70  feet  wide.  The  Talbert  Channel  outlet  is 
opened  to  the  ocean  about  93  percent  of  the  time  for  tidal  exchange.  On 
the  occasions  when  the  outlet  was  closed,  the  sand  plug  appeared  to  have 
been  created  by  littoral  material  moving  to  the  southeast  (downcoast 
direction) . 
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III.  tides 


3-01  The  tides  along  the  Pacific  Coast  have  a  semidiurnal  inequality. 
Tidal  data  for  the  Santa  Ana  River  and  vicinity  are  given  in  the 
following  table  1 : 


Table  1.  Tidal  Data. 


Location 


Mean  Range  Feet 


Diurnal  Range  Feet 


Balboa  (ocean  pier)  3.6  5.3 
Santa  Ana  River  Entrance  (inside)  2.4  3.3 
Los  Patos  (Warner  Avenue  Bridge)  3.4  4.7 
Long  Beach,  Outlet  Harbor  Pier  A  3.7  5.3 


3-02  The  mean  tidal  range  is  the  difference  in  height  between  mean  high 
water  and  mean  low  water.  The  diurnal  range  is  the  difference  in  height 
between  mean  higher  high  water  and  mean  lower  low  water.  The  maximum 
annual  tide  range  is  from  minus  1.9  feet  to  plus  7.3  feet  (MLLW). 

3-03  At  the  Newport  Bay  Entrance  is  the  closest  tide  station  for  which 
long-term  records  have  been  obtained  (July  1955  to  the  present).  The 
most  recent  tidal  elevation  data  available  for  the  Newport  Bay  Entrance 
station  are  summarized  in  the  following  table  2.  All  elevations  are 
based  upon  the  1960-1978  tidal  epoch  with  the  exception  of  Extreme  High 
and  Extreme  Low  Water,  which  represent  the  historical  maximum  and 
minimum  water  levels  recorded  at  the  station. 

3-04  The  Mean  Sea  Level  Datum  (0.0  MSL)  is  equal  to  +2.8  feet  Mean 
Lower  Low  Datum  (+2.8  MLLW)  for  the  Newport  Bay  Entrance. 


I 
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Table  2.  Tidal  Elevations  at  Newport  Bay  Entrance 


7.86  ft  mllw 
5. MO  ft  mllw 
M.65  ft  mllw 
2.79  ft  mllw 
2.76  ft  mllw 
0.93  ft  mllw 
00.0  ft  mllw 


Note:  Station  located  at  33°3 6 * N ;  117°53'W. 


Extreme  High  Water. 
Mean  Higher  High  Water 
Mean  High  Water 
Mean  Tide  Level 
Mean  Sea  Level 
Mean  Low  Water 
Mean  Lower  Low  Water 


B-III-2 


IV.  CLIMATE 


Temperature  and  Precipitation 

4-01  Average  daily  minimum/maximum  temperatures  (degrees  Fahrenheit) 
range  from  46/63  in  winter  to  63/74  in  summer.  All-time  low/high 
extremes  of  temperature  are  about  27/110.  The  area  does  not  experience 
significant  periods  of  freezing  temperatures.  Normal  annual  precipitation 
over  the  Lower  Santa  Ana  River  ranges  from  about  10  to  12  inches. 


General  Winter  Storms 

4-02  Most  precipitation  over  southern  California  coastal  drainages 
occurs  during  the  cool  season,  primarily  from  November  through  early 
April,  as  mid-latitude  cyclones  from  the  north  Pacific  Ocean 
occasionally  move  across  the  West  Coast  of  the  United  States  to  bring 
precipitation  to  southern  California.  Most  of  these  storms  are  of  the 
general  winter  type,  with  hours  of  light  to  moderate  steady 
precipitation,  but  with  occasionally  heavy  showers  or  thunderstorms 
embedded.  Although  these  storms  frequently  produce  significant  snow  in 
the  upper  Santa  Ana  River  basin  and  other  high-altitude  drainages  above 
6,000  feet,  snowfall  and  snowmelt  are  almost  non-existent  in  the  Lower 
Santa  Ana  River  basin. 


Local  Thunderstorms 

4-03  Local  thunderstorms  can  occur  in  southern  California  at  any  time 
of  the  year,  but  are  least  common  and  least  intense  during  the  late 
spring.  These  types  of  storms  occur  fairly  frequently  in  the  coastal 
areas  during  or  just  after  general  winter  storms.  They  can  also  occur 
between  early  July  and  early  October,  when  desert  thunderstorms 
occasionally  drift  westward  across  the  mountains  into  coastal  areas, 
sometimes  enhanced  by  moisture  drifting  northward  from  tropical  storms 
off  the  we3t  coast  of  Mexico.  Local  thunderstorms  can  also  occur 
throughout  the  fall,  as  upper-level  low-pressure  centers  sometimes 
trigger  left-over  summer  moisture.  These  local  thunderstorms  can  at 
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times  result  in  very  heavy  rain  for  short  periods  of  time  over  small 
areas,  causing  very  rapid  runoff  from  small  drainages.  Intense 
thunderstorms  can  also  be  accompanied  by  hail  and  strong,  very  erratic 
winds.  On  a  rare  occasion,  a  severe  thunderstorm  can  spawn  a  small 
tornado  or  waterspout  in  southern  California. 


General  Suaaer  Stores 

4-04  General  summer  storms  in  southern  California  are  quite  rare,  but 
on  occasion  a  tropical  storm  from  off  the  west  coast  of  Mexico  can  drift 
far  enough  northward  to  bring  rain,  occasionally  heavy,  to  southern 
California,  sometimes  with  very  heavy  thunderstorms  embedded.  The 
season  in  which  these  storms  are  the  most  likely  to  significantly  affect 
southern  California  is  mid-August  through  early  October,  although  there 
have  been  some  effects  in  southern  California  from  tropical  storms  as 
early  as  late  June  and  as  late  as  early  November. 

4-05  On  rare  occasions,  southern  California  has  received  light  rain 
from  non-tropical  general  summer  storms,  some  of  which  have  exhibited 
some  characteristics  of  general  winter  storms. 


Hind 

4-06  The  prevailing  wind  in  northern  Orange  County  is  the  sea  breeze. 
This  gentle  onshore  wind  is  normally  strongest  during  late  spring  and 
summer  afternoons,  with  speeds  over  the  Lower  Santa  Ana  River  basin 
normally  10  to  15  miles  per  hour.  The  prevailing  wind  near  the  mouth  of 
the  Santa  Ana  River  between  April  and  November  is  west  to  west-southwest 
about  7-9  mph.  The  Santa  Ana  is  a  dry  desert  wind  that  blows  from  out 
of  the  northeast,  most  frequently  during  late  fall  and  winter.  Santa 
Ana  winds  over  the  Lower  Santa  Ana  River  basin  typically  average  15  to 
20  mph,  with  gusts  to  30-35  mph.  On  frequent  occasions ,  however,  these 
winds  can  reach  40  to  45  mph  with  extreme  gusts  to  65  mph  or  greater. 
These  winds  are  sometimes  accompanied  by  considerable  blowing  dust  and 
sand . 

4-07  Rainstorm-related  winds  are  the  next  most  common  type  in  southern 
California.  Winds  from  the  southwest  ahead  of  an  approaching  storm 
average  20-25  mph,  with  occasional  gusts  to  more  than  40  mph.  West  to 
northwest  winds  behind  storms  often  exceed  25  mph,  with  gusts  to  35  mph, 
but  on  occasion  can  rival  the  Santa  Ana  winds  for  speed  and  gustiness. 


Evaporation 

4-08  Few  formal  studies  of  evaporation  have  been  made  in  Orange  County. 
Studies  from  nearby  locations  indicate  that  mean  daily  evaporation 
ranges  from  about  one-quarter  inch  in  winter  to  about  one-half  inch  in 
summer.  On  days  of  very  strong,  dry  Santa  Ana  winds,  evaporation  can  be 
considerably  greater  than  one  inch. 
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Fog 

4-09  Dense  Fog  is  fairly  common  along  the  southern  California  coast, 
especially  during  the  late  fall  and  winter  months.  On  occasion, 
visibility  along  the  coast  between  Newport  Beach  and  Seal  Beach  can 
decrease  to  less  than  100  feet  during  the  night  and  early  morning 
hours.  Foggy  days  average  about  1  to  2  per  month  during  November, 
December,  and  January.  During  the  late  spring  and  early  summer,  a  low 
cloud  deck,  some  known  as  "high  fog"  is  prevalent  in  coastal  southern 
California  during  night  and  morning  hours,  but  visibility  is  seldom 
reduced  to  less  than  1  mile. 


T.  WAVE  CLIMATE 


Wave  Exposure  Windows 

5-01  The  section  of  coastline  where  the  Santa  Ana  River  discharges  into 
the  Pacific  Ocean  is  protected  to  a  significant  degree  from  open  ocean 
wave  attack  by  the  sheltering  effects  afforded  by  the  offshore  islands 
of  San  Clemente,  Santa  Catalina,  San  Nicolas,  San  Miguel,  Santa  Rosa, 
Santa  Cruz,  and,  to  a  lesser  extent,  Anaeapa  and  Santa  Barbara.  The 
shielding  provided  by  the  coastline  orientation  also  limits  direct  wave 
approach  from  the  northwest  direction,  since  Point  Fermin  effectively 
precludes  northern  hemisphere  swell  or  sea  from  propagating  down  the 
Santa  Barbara  Channel  and  into  San  Pedro  Bay  (see  fig.  1). 

5-02  Northern  hemisphere  swell  generated  by  storms  on  the  North  Pacific 
Ocean  can  approach  the  Santa  Ana  River  mouth  study  region  from  basically 
two  wave  exposure  windows.  The  first  window  permits  northern  hemisphere 
swell  propagating  from  essentially  a  westward  direction  to  pass  through 
the  Santa  Cruz  Basin  between  San  Nicolas  and  Santa  Cruz  Islands,  cross 
the  San  Pedro  Channel,  and  approach  the  coastline  of  Interest. 

This  exposure  window  extends  from  about  azimuth  265  deg  to  about  azimuth 
277  deg.  A  second  wave  exposure  window  permits  northern  hemisphere 
swell  generated  by  storms  on  the  North  Pacific  Ocean,  and  southern 
hemisphere  swell  generated  by  storms  on  the  South  Pacific  Ocean,  to 
reach  the  Santa  Ana  River  mouth  region  from  southerly  directions.  Such 
swell  passes  between  the  mainland  coast  of  southern  California  and  San 
Clemente  and  Santa  Catalina  Islands,  traverses  the  Gulf  of  Santa 
Catalina,  and  impacts  the  study  area.  This  exposure  window  extends  from 
the  coastline  in  a  southerly  direction  with  an  aziumuth  of  approximately 
155  deg  to  an  azimuth  directed  from  the  study  region  toward  San  Clemente 
Island,  an  azimuth  of  approximately  200  deg.  Sea  waves  can  approach  the 
study  region  from  all  directions  of  possible  generation  from  about 
azimuth  155  deg  to  about  azimuth  277  deg. 
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Have  Data  Sources 


MARINE  ADVISERS  (1 961) 

5-03  Wave  hindcasts  have  been  prepared  by  Marine  Advisers  (1961)  for 
three  specific  locations  in  deep  water  off  the  southern  California 
coastline,  one  of  which  (Station  A)  is  located  in  the  open  ocean  beyond 
the  sheltering  islands.  Station  A  is  located  approximately  65  nautical 
miles  southwest  of  San  Clemente  Island,  and  is  exposed  to  open  water 
influences  from  southeast  through  west  to  north-northwest.  Station  A  is 
considered  to  be  representative  of  conditions  outside  the  offshore 
islands.  Wave  hindcast  frequency  of  occurrence  data  have  been  developed 
at  Station  A  for  sea,  northern  hemisphere  swell,  and  southern  hemisphere 
swell,  for  3  years  of  record  (1956-1958).  Marine  Advisers  (1961) 

Station  B  is  located  approximately  8  nautical  miles  off  Newport  Beach  in 
sheltered  deep  water.  Decayed  sea  data  from  Station  A  were  transferred 
past  the  sheltering  islands  and  combined  with  locally  generated  sea  to 
produce  a  sea  wave  climate  at  Station  B  which  consisted  of  decayed  plus 
local  sea  arriving  from  southeast  through  northwest  directions.  These 
decayed  and  local  sea  hindcast  wave  data  of  Station  B  are  an  indication 
of  relatively  short  period  waves  which  exist  in  the  Gulf  of  Santa 
Catalina  and  San  Pedro  Channel,  and  which  may  approach  the  shore  of 
southern  California  near  the  Santa  Ana  River  mouth  region.  Station  B 
also  contains  information  regarding  sheltered  northern  hemisphere  swell 
and  southern  hemisphere  swell  which  was  transferred  past  the  offshore 
islands  by  numerical  techniques  capable  of  deducing  the  reduction  in 
wave  height  and  sheltered  direction  of  approach  after  passing  the 
islands. 

NATIONAL  MARINE  CONSULTANTS  (I960) 

5-04  National  Marine  Consultants  (I960)  also  developed  hindcast  wave 
statistics  for  sea  and  northern  hemisphere  swell  at  Station  7  in  deep 
water  off  the  coast  of  southern  California,  for  the  same  3  years  of 
record  (1956-1958).  Station  7  is  located  in  the  Santa  Cruz  Basin 
between  San  Nicolas  Island  and  Santa  Cruz  Island,  due  west  of  San  Pedro 
Bay.  During  the  development  of  the  hindcast  wave  statistics  at 
Station  7,  consideration  was  given  to  the  effects  of  San  Nicolas  Island 
to  the  south,  and  to  Santa  Cruz  and  Santa  Rosa  Islands  to  the  north. 
Hence,  the  resulting  hindcast  sea  and  northern  hemisphere  swell 
statistics  deduced  for  Station  7  which  arrive  from  a  westerly  direction 
propagate  directly  across  the  San  Pedro  Channel  and  approach  the 
coastline  of  southern  California  in  the  vicinity  of  the  Santa  Ana  River 
mouth  region. 

NAVE  INFORMATION  STUDY 

5-05  A  new  generation  of  hindcast  wave  data  are  being  developed  for  the 
Pacific  Coast  of  the  United  States  by  the  Wave  Information  Study  (WIS) 
of  the  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES),  for  a  much 
greater  time  period  than  the  3  years  of  record  used  by  Marine  Advisers 
(1961)  and  National  Marine  Consultants  (I960).  WIS  has  computed  the 
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wave  climatology  of  sea  and  northern  hemisphere  swell  for  the  U.S. 
Pacific  Coast  for  three  different  phases,  utilizing  20  years  of  record 
(1956-1975)  computed  at  3-hour  intervals.  Phase  I  data  have  been 
computed  with  a  grid  spacing  of  120  nautical  miles,  and  have  established 
35  stations  located  near  the  Pacific  coastline.  Phase  II  data  have  been 
computed  for  53  stations  closer  to  the  shore  than  the  Phase  I  stations. 
The  Phase  II  grid  spacing  was  established  at  30  nautical  miles,  to 
provide  a  better  representation  of  the  effects  of  the  geometry  of  the 
coastline  (but  not  the  effects  of  the  offshore  islands)  on  wave 
generation  near  the  Pacific  coast.  Phase  III  nearshore  wave 
transformation  data  have  been  computed  for  131*  stations  from  the 
Canadian  border  to  Point  Conception,  with  each  coastal  segment  being 
approximately  10  nautical  miles  in  length.  The  nearshore  wave 
transformation  procedures  applied  to  the  coastal  region  between  the 
Canadian  border  and  Point  Conception  are  not  applicable  to  the  sheltered 
Southern  California  Bight  region  adjacent  to  the  Santa  Ana  River  mouth 
region  of  southern  California.  Actual  nearshore  wave  hindcasting  is 
presently  being  performed  for  the  Bight  with  a  much  finer  grid 
(10  nautical  miles  and  5  nautical  miles)  than  that  previously  used  in 
Phase  II  hindcasting.  Efforts  are  presently  underway  to  make  the 
nearshore  wave  hindcast  data  available  for  the  Southern  California 
Bight,  and  thus  for  the  San  Pedro  Channel,  San  Pedro  Bay,  and  the  Gulf 
of  Santa  Catalina.  Southern  Hemisphere  swell  are  also  being  developed 
as  part  of  this  effort.  Upon  completion,  this  WIS  study  will  provide 
the  most  complete  and  detailed  wave  climate  of  any  coastal  region  of  the 
nation  for  the  Southern  California  Bight.  Several  wave  roses  are  shown 
in  figures  2  through  5. 


Wave  Conditions 

5-06  Wind-generated  surface  gravity  waves  produce  the  most  powerful 
wave  forces  to  which  coastal  structures  are  subjected  (except  for 
seismic  waves).  In  the  absence  of  a  wave  gaging  program  at  the  project 
site,  the  wave  characteristics  are  usually  determined  by  hindcast 
methods  in  deep  water  and  then  analytically  propagated  shoreward  to  the 
structure.  This  method  has  been  applied  for  the  Santa  Ana  River,  where 
the  deep  water  unsheltered  wave  hindcast  data  of  Marine  Advisers  (1961) 
Station  A  for  southern  hemisphere  swell,  and  National  Marine  Consultants 
(I960)  Station  7  for  northern  hemisphere  swell,  and  Marine  Advisers 
(1961)  Station  B  decayed  and  local  sea  have  been  utilized.  Adjustments 
for  island  sheltering  effects  were  also  included.  The  deep  water  waves 
were  then  refracted  and  shoaled  by  numerical  wave  propagation  methods, 
resulting  in  a  frequency  of  occurrence  of  waves  of  various  heights, 
periods,  and  directions  of  approach  at  the  project  area.  This  analysis 
is  detailed  by  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
Technical  Report  HL-80-9,  1980.  Western  and  southern  wave  exposures  of 
the  Santa  Ana  River  study  area  are  shown  in  figure  1 . 
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ANNUAL  AVERAGE  SOUTHERN  HEMISPHERE  SWELL 


Figure  2  Average  annual  hlndcast  wave  statistics,  southern  California 
coastal  waters.  Station  A,  sea,  northern  hemisphere  swell,  and  southern 
hemisphere  swell  (after  Marine  Advisers,  1961). 


Figure  3  Average  annual  hlndcaat  wave  statistics,  southern  California  coastal 
waters.  Station  B,  sea,  northern  hemisphere  swell,  and  southern  hemisphere  swell 

(after  Marine  Advisers,  1961). 
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Figure  5  .  Combined  sea  and  northern  hemisphere  swell.  Phase  II,  Station  6  (P2006),  U.  S.  Army 

Engineer  Waterways  Experiment  Station  (WES)  Wave  Information  Study  (WIS)  (after  Corson,  et  al.,  1987). 


5-07  It  was  determined  by  Hales  (1980)  that  the  Santa  Ana  River  mouth 
regio,.  Is  exposed  to  southern  hemisphere  swell  arriving  from  azimuths 
155  degrees  to  200  degrees,  with  unrefracted  sheltered  deepwater 
significant  wave  heights  ranging  up  to  4  feet.  These  heights,  even  with 
periods  up  to  20  seconds,  are  not  adequate  to  inflict  significant 
structural  damage.  Northern  hemisphere  swell  arrives  from  azimuths 
265  degrees  to  277  degrees,  with  unrefracted  sheltered  deepwater 
significant  wave  heights  ranging  from  13  feet  to  15  feet,  and  associated 
periods  of  10  seconds  to  1 ^  seconds.  These  waves  are  capable  of  causing 
extensive  structural  damages;  however,  water  depth-limiting  conditions 
on  wave  heights  reduce  these  extreme  wave  heights  through  the  breaking 
process,  and  such  excessive  wave  heights  never  break  directly  on  the 
rubble  structure.  Shorter-period,  locally  generated  waves  with 
correspondingly  large  heights  exist  periodically  in  deep  water  off  the 
Santa  Ana  River  mouth  region,  but  the  depth-limited  breaking  process 
prevents  these  local  sea  from  striking  the  structures  with  extremely 
high  waves.  The  actual  damage  caused  by  the  depth-limited  breaking  wave 
is  inflicted  by  northern  hemisphere  swell  instead  of  locally  generated 
sea.  Breaking  wave  damage  increases  with  wave  period,  other  factors 
remaining  constant. 


Have  Frequency 

5-08  Damage  to  rubble  mound  structures  is  usually  progressive,  and  an 
extended  period  of  destructive  wave  action  is  required  before  a 
structure  ceases  to  provide  protection.  It  is,  therefore,  necessary 
in  selecting  a  design  wave  to  consider  both  frequency  of  occurrence  of 
damaging  waves  and  economics  of  construction  and  rehabilitation.  The 
highest  waves  with  the  longest  periods  which  occur  with  some  significant 
discernible  degree  of  frequency  at  this  location  are  the  10.0-12.0 
second  waves  (0.05  percent  occurrence)  and  the  12.0-14.0  second  waves 
(0.09  percent  occurrence)  approaching  from  a  westerly  direction 
(azimuth  =  270  degrees)  (table  3). 

5-09  These  data  are  Station  7  data  from  National  Marine  Consultants, 
(I960).  Source:  Hales  (1980). 


Design  Stillwater  Level 

5-10  The  actual  wave  conditions  at  a  structure  site  at  any  time  depend 
critically  on  the  water  level.  Consequently,  a  design  still  water  level 
must  be  established  in  determining  the  maximum  wave  forces  on  a 
structure.  For  the  Santa  Ana  River  project,  the  design  still  water 
level  ( SWL)  has  been  established  at  +7.0  feet  MLLW,  or  +4.2  feet  MSL. 

The  design  3till  water  level  is  based  on  the  1986  high  and  low  water 
predictions  at  the  Long  Beach  (Outer  Harbor)  station  by  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA).  The  NOAA  predicted  that 
a  tide  level  of  7  feet  would  be  exceeded  eight  times  in  1986,  once  in 
January,  twice  in  June  and  December,  and  thrice  in  July.  The  high  water 
prediction  by  NOAA  for  1986  range  from  7.0  to  7.3  feet.  The  extreme 
high-water  level  observed  by  NOAA  was  7.86  feet  on  January  28,  1983. 
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Table  3.  Frequency  of  Annual  Occurrence  In  Percent 
of  Year,  Northern  Hemisphere  Swell;  Santa 
Ana  River  Mouth,  California. 


Deepwater  Approach  Azimuth  =  259°  -  281° 


Significant 

Have  Height,  _ Wave  Period ,  seconds 


Feet 

■^779 

8-9.9 

10-11.9 

12-13.9 

14-15.9 

16-17.9 

TB+ 

1 .0-1.9 

0.02 

0.48 

0.23 

0.02 

0.05 

2. 0-2. 9 

0.88 

2.07 

1.06 

0.62 

0.35 

0.11 

0.02 

3. 0-3. 9 

0.42 

0.87 

0.50 

0.35 

0.02 

0.09 

0.02 

4. 0-4. 9 

0.16 

0.48 

0.23 

0.09 

0.12 

0.02 

5. 0-5. 9 

0.12 

0.28 

0.32 

0.14 

0.10 

6. 0-6. 9 

0.31 

0.32 

0.12 

0.07 

0.05 

7. 0-8. 9 

0.22 

0.32 

0.20 

0.02 

9.0-10.9 

0.02 

0.23 

0.16 

0.10 

11.0-12.9 

0.17 

0.02 

0.07 

0.02 

13.0-14.9 

0.05 

0.09 

15.0-16.9 


Design  Have 

5-11  The  proposed  Santa  Ana  River  jetties  and  training  dike  will 
terminate  at  the  river  mouth  in  approximately  the  same  location  as  the 
existing  stone  jetties  at  a  depth  of  about  -4.0  feet  MLLW.  The  head 
sections  of  the  jetties  and  training  dike  will  be  subjected  to  the  full 
force  of  ocean  waves  generated  on  the  Pacific  Ocean  and  propagating  past 
the  offshore  sheltering  islands  toward  the  coastline.  Because  of  the 
reduction  in  height  afforded  by  the  islands,  the  waves  which  finally 
reach  shore  will  be  limited  in  height  to  the  maximum  wave  sustainable  in 
water  at  that  specific  depth.  The  forces  created  by  these  depth  limited 
breaking  waves  will  constitute  the  greatest  wave  forces  which  the 
structure  will  be  expected  to  withstand.  These  maximum  wave  forces  may 
arrive  simultaneously  with  extreme  high  tide  and  flood  conditions  on  the 
river,  resulting  in  a  larger  resultant  total  force  on  the  structure 
elements . 

5-12  In  determining  the  design  wave  for  the  Santa  Ana  River  jetties  and 
training  dike,  it  is  assumed  that  the  flood  control  channel  will  be 
excavated  to  an  invert  elevation  or  -4  feet  MLLW  at  the  toe  of  the  end 
of  the  jetties,  and  excavation  will  be  maintained  horizontally  (m  =  0) 
until  this  elevation  intersects  the  existing  beach  slope  seaward  of  the 
structure.  Hence,  the  greatest  water  depth  will  occur  when  the  SWL  is 
at  +7  feet  MLLW  immediately  after  construction  of  the  flood  channel  to 
an  elevation  of  -4  feet  MLLW  (assuming  the  channel  does  not  degrade 
below  the  design  invert  elevation).  This  maximum  still  water  depth  will 
be  11  feet.  The  largest  wave  height  which  can  be  maintained  in  water 
11  feet  deep  on  a  horizontal  slope  is  about  9  feet  (H  =  0.78  x  11). 

Table  3  indicates  the  14  second  wave  occurs  with  significant  regularity. 


Thus,  the  14  seconds,  9  feet  breaking  wave  is  considered  to  be  the 
design  wave  for  the  Santa  Ana  River  jetties  and  the  training  dike. 

Other  sections  further  upstream  between  the  ocean  and  the  Pacific  Coast 
Highway  will  experience  broken  or  diffracted  waves  of  lesser  magnitude. 

5-13  The  design  wave  at  the  ocean  end  of  the  Santa  Ana  River  jetties 
(14  sec.  9  ft.  breaking  wave)  is  the  extreme  worst  wave  condition  to  be 
reasonably  expected  under  conditions  of  complete  channel  excavation. 

When  this  excavated  channel  shoals  to  some  extent  by  longshore  transport 
of  littoral  material  in  the  surf  zone  or  by  river  transport  from 
upstream,  the  breaking  wave  conditions  on  the  structure  will  be  reduced 
from  the  maximum  valued  produced  by  the  design  wave  height  of  9  feet. 

The  actual  wave  forces  depend  on  the  actual  wave  height,  which  in  turn 
depends  on  the  actual  water  depth  at  the  local  site. 

5-14  Because  of  inherent  instabilities  in  the  breaking  process,  and 
since  waves  will  approach  at  a  range  of  angles  to  the  shoreline  (up  to 
plus  or  minus  30  degrees),  breaking  of  the  design  wave  (14  sec.,  9  ft. 
breaking  wave)  may  not  always  occur  precisely  at  the  tip  of  the  rubble 
structure  head  section.  However,  breaking  of  the  design  wave  should 
occur  within  about  200  feet  of  the  river  entrance.  That  is,  all 
breaking  of  the  design  wave  should  take  place  before  it  propagates 
upriver  past  west  jetty  station  9+60  (east  jetty  sta.  10+30).  Hence, 
the  design  wave  (14  sec.,  9  ft.  breaking  wave)  is  utilized  for  both  the 
rubble  structure  head  section  and  structure  trunk  section  (west  jetty 
stas.  7+90  to  9+60  and  east  jetty  stas.  8+60  to  10+30). 

5-15  The  wave  height  reduction  by  diffraction  upriver  from  the  rubble 
structure  head  section  was  estimated  by  graphical  methods  for 
non-breaking  waves  as  discussed  in  the  Shore  Protection  Manual  (1984). 

For  breaking  waves,  after  breaking,  the  reformed  wave  height  is 
estimated  to  be  approximately  equal  to  40  percent  of  the  local  water 
depth.  The  broken  and  reformed  wave  height  will  be  0.4  x  11.0  =  4.4 
feet,  say  5  feet,  upriver  beyond  the  trunk  section  (west  jetty  stas.  9+60 
to  11+90  and  east  jetty  stas.  10+30  to  12+60).  This  value  is  larger 
than  a  non-breaking  diffracted  wave  upriver  between  the  jetties,  and  is 
used  to  design  the  riprap  for  the  embankment  of  the  jetties.  Further  up 
the  channel,  waves  get  smaller.  Between  west  jetty  stations  11+90  and 
13+52  (east  jetty  stas.  12+60  to  14+22)  waves  will  be  about  3  feet  high. 


VI.  LITTORAL  TRANSPORT 


Condition  of  Existing  Beaches 

6-01  The  region  of  southern  California  coastline  encompassed  by  a  study 
of  littoral  transport  past  the  Santa  Ana  River  mouth  should  commence  at 
approximately  the  eastern  end  of  the  Los  Angeles-Long  Beach  Harbor 
complex  (Anaheim  Bay  east  jetty)  and  extend  southeasterly  for  a  distance 
of  approximately  17  miles  to  the  Newport  Bay  west  jetty.  This  region  is 
so  distinctly  separated  from  the  adjacent  coastlines  by  Point  Fermin  on 
the  north  and  the  Newport  Submarine  Canyon  on  the  south  that  it  can  be 
effectively  considered  as  a  littoral  cell,  referred  to  as  the  San  Pedro 
Littoral  Cell  by  Inman  (1976)  (see  fig.  6).  A  littoral  cell  is  defined 
as  a  coastal  segment  that  contains  a  complete  sedimentation  cycle 
including  sources,  transport  paths,  and  sinks.  This  region  of  coastline 
satisfies  these  requirements:  i.e.,  the  source  being  the  feeder  beach 
located  immediately  east  of  Anaheim  Bay  (Surfside-Sunset  Beach)  and 
infrequent  transport  to  the  beach  by  flooding  of  the  Santa  Ana  River; 
the  transport  path  being  the  surf  zone  energized  by  breaking  waves;  and 
the  ultime  sink  to  the  south  being  either  the  Newport  Submarine  Canyon 
or  the  shoal  region  off  the  Newport  Beach  region. 

6-02  The  direction  of  net  longshore  transport  of  littoral  material  in 
this  vicinity  is  considered  to  be  southerly  by  most  researchers  (Emery, 
I960;  Shepard  and  Wanless,  1971;  Inman,  1976;  Hales,  1980).  Any 
material  that  may  be  drifting  south  past  Point  Fermin  will  be  deposited 
in  the  deep  water  of  San  Pedro  Bay  outside  the  Los  Angeles-Long  Beach 
Harbor  breakwaters.  Correspondingly,  any  littoral  material  drifting 
south  pa3t  the  Newport  Beach  groin  field  will  either  be  lost  down  the 
Newport  Submarine  Canyon,  or  deposited  in  deep  water  on  the  shoal  region 
of  the  continental  shelf  located  on  the  west  side  of  the  Canyon  (Felix 
and  Gorsline,  1971). 
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6-03  Since  construction  of  the  Anaheim  Bay  east  jetty  in  1944,  serious 
erosion  of  the  beaches  at  Surfside-Sunset  Beach  has  been  a  continually 
recurring  problem  that  has  necessitated  the  periodic  placement  of 
nourishment  material  to  maintain  an  acceptable  beach  for  recreation,  and 
for  protection  of  private  and  public  property.  The  average  annual  rate 
of  erosion  in  this  area  (based  on  placement  volumes  and  hydrographic 
surveys)  in  recent  years  has  been  on  the  order  of  300,000  cubic  yards 
per  year.  Indications  are  that  the  net  annual  littoral  drift  of 
material  in  surf  zone  is  in  a  southerly  direction.  Periodic 
renourishment  of  the  Surfside-Sunset  Beach  region  serves  as  feeder  beach 
material  for  Bolsa  Chica  State  Beach,  Huntington  Beach,  and  Newport 
Beach . 

6-04  The  Santa  Ana  River  enters  the  Pacific  Ocean  at  the  lower 
extremities  of  the  littoral  cell,  and  has  historically  contributed  a 
significant  amount  of  sediment  to  the  surf  zone.  However,  in  recent 
years,  periods  of  prolonged  drought  and  the  construction  of  floodwater 
retarding  structures  on  the  river  have  drastically  reduced  the  amount  of 
river-transported  sediment  to  the  ocean.  Reduction  in  the  supply  of 
sand  to  the  beaches  carries  the  potential  for  serious  beach  erosion. 

This  potential  for  erosion  has  been  alleviated  by  extensive  beach 
nourishment  at  Surfside-Sunset  Beach. 

6-05  The  Santa  Ana  River  mouth  region  lies  immediately  upcoast  of  the 
Newport  Beach  groin  field.  Here,  the  beaches  are  relatively  wide  and 
stable.  The  existence  of  the  wide  beach  upcoast  of  the  Santa  Ana  River 
mouth  toward  Huntington  Beach  is  attributed  by  Simons,  Li,  and 
Associates,  Inc.  (1987)  to  the  stabilizing  control  afforded  by  the 
location  of  the  west  jetty  to  Talbert  Channel,  and  to  the  volume  of  net 
downcoast  movement  of  littoral  material  in  the  surf  zone.  Immediately 
after  the  construction  of  the  west  jetty  to  Talbert  Channel,  the  fillet 
accumulation  against  the  jetty  gradually  extended  upcoast  asymptotically 
until  the  existing  Huntington  Beach  shoreline  reached  a  position  of 
dynamic  equilibrium.  In  general,  the  beach  is  approximately  ±600  feet 
wide  on  the  upcoast  side  of  the  Santa  Ana  River  mouth,  and  remains  at 
this  width  because  the  downcoast  end  of  this  segment  Is  fixed  at  the 
west  jetty  to  Talbert  Channel,  and  because  the  adequate  nourishment 
placed  on  Surfside-Sunset  Beach  sufficiently  reestablishes  the 
asymptotic  dynamic  location  of  Huntington  Beach  following  each  winter 
and  summer  beach  cyclic  movement  offshore  and  onshore,  respectively. 

6-06  Further  south,  the  beach  near  Newport  Beach  has  been  stabilized 
with  a  groin  field,  and  is  approximately  ±400  feet  wide  in  this  region. 
The  groin  field  is  located  Immediately  north  of  the  Newport  Submarine 
Canyon.  This  prevents  the  apparent  southerly  net  movement  of  littoral 
drift  from  depleting  the  beaches,  as  it  moves  either  down  the  Newport 
Submarine  Canyon  or  onto  the  shoal  adjacent  to  the  Canyon  located 
offshore  of  the  groin  field.  In  either  event,  this  net  southerly 
transport  of  littoral  material  is  removed  from  the  littoral  system,  and 
the  reversal  in  transport  direction  to  the  north  during  summer  months 
would  deplete  the  southern  portion  of  the  San  Pedro  littoral  cell  were 
it  not  for  the  existence  of  the  Newport  Beach  groin  field. 
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Littoral  Transport  Estimate 


6-07  Potential  longshore  sediment  transport  Is  defihed  as  the  amount  of 
littoral  material  that  a  specific  wave  climate  will  transport  past  a 
region  in  the  presence  of  an  unlimited  source  (supply)  of  material. 

When  the  feeder  beach  at  Surfside-Sunset  Beach  has  been  nourished,  an 
essentially  unlimited  supply  of  material  exists  frr  tr.. 'sport  downcoast 
past  the  Santa  Ana  River  mouth  region,  and  on  towards  the  Newport 
Submarine  Canyon  and  eventually  out  of  the  system.  Because  of  the 
necessity  for  maintaining  a  protective  beach  in  the  Surfside-Sunset 
Beach  region,  ensuing  stable  beaches  result  downcoast,  and  the  actual 
longshore  sediment  transport  past  the  Santa  Ana  River  mouth  region 
approximates  the  potential  longshore  sediment  transport  of  the  area. 

6-08  Hales  (1980)  estimated  the  net  longshore  transport  of  littoral 
material  in  the  surf  zone  to  be  toward  the  southeast  with  a  magnitude  of 
approximately  112,000  cubic  yards  per  year  (see  table  k) .  The  results  of 
that  study  compare  favorably  with  historical  beach  nourishment  data  for 
the  Surfside-Sunset  Beach  area  (Simons,  Li,  and  Associates,  Inc.,  1987). 
This  agreement  suggests  that  these  littoral  estimates  provide  a 
reasonable  approximation  of  the  actual  longshore  transport  rates.  These 
littoral  estimates  compare  favorably  with  estimates  developed  from  more 
recent  wave  hindcast  data  by  WIS  (Phase  II),  although  the  definition  of 
sea  and  swell  may  not  be  entirely  consistent  between  the  older  wave 
hindcast  data  of  Marine  Advisers  (1961)  and  National  Marine  Consultants 
(I960),  and  the  more  recent  WIS  data  by  WES. 


Consequence  of  Littoral  Transport  Disruption 

6-09  For  a  computational  reach  of  southern  California  shoreline 
centered  on  the  Santa  Ana  River  mouth,  the  net  longshore  transport  of 
littoral  material  in  the  surf  zone  is  toward  the  southeast,  with  a 
magnitude  of  about  112,000  cubic  yards  per  year  on  an  average  annual 
basis.  In  consequence,  any  major  disruption  of  the  dynamic  equilibrium 
which  presently  exists  in  this  region  (such  as  the  construction  of  a 
long  jetty  across  the  surf  zone)  is  likely  to  cause  erosion  in  the 
Newport  Beach  area  unless  beach  nourishment  material  is  placed  on  the 
beach  south  of  the  Santa  Ana  River  mouth,  and  in  the  Newport  Beach  groin 
field  for  that  period  of  time  when  the  Huntington  Beach  shoreline  is 
responding  asymptotically  to  any  lengthened  jetty  structure  across  the 
surf  zone.  Both  the  magnitude  and  direction  of  longshore  transport 
exhibit  distinct  seasonal  variations,  with  strong  transport  toward  the 
southeast  dominating  in  the  winter  months  (January  through  April),  and 
moderate  transport  toward  the  northwest  occurring  in  the  summer  months 
(July  through  October).  This  annual  cycle  implies  that  littoral 
material  would  possibly  have  the  capacity  for  temporary  closure  of  the 
entrance  to  the  Santa  Ana  River. 
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VII .  LITTORAL  TRANSPORT 


Sources  of  Littoral  Material 

7-01  The  region  of  coastline  between  the  Anaheim  Bay  east  jetty  and  the 
Newport  Submarine  Canyon  is  essentially  a  semi -closed  system  in  that 
major  sources  of  littoral  material  input  are  restricted  to  two  finite 
locations  (assuming  no  significant  onshore  movement  of  material  from 
deep  water  by  wave  energy).  The  more  significant  source  of  material  to 
the  system  is  the  feeder  beach  region  at  Surfside-Sunset  Beach.  Here, 
it  is  estimated  that,  on  the  average,  approximately  360,000  cubic  yards 
of  material  are  placed  annually. 

7-02  A  less  significant  source  of  material  to  the  system  is  riverborne 
sediment  transport  by  the  Santa  Ana  River.  The  significance  of  this 
source  is  limited  both  by  the  volume  of  material  transported,  and  by  the 
location  of  the  river  mouth  near  the  downcoast  extremity  of  the  littoral 
cell,  which  experiences  a  large  downcoast  movement  of  material  in  the 
surf  zone.  Any  volume  of  material  transported  to  the  coast  by  the  river 
which  is  less  than  the  difference  between  the  average  annual  downcoast 
transport  of  littoral  material  and  the  average  annual  net  transport  will 
be  carried  out  of  the  system  by  deposition  into  the  Newport  Submarine 
Canyon,  or  placed  on  the  continental  shelf  adjacent  to  the  Canyon.  No 
river  mouth  delta  will  form  under  these  conditions.  Only  under  extreme 
floodflow  conditions  on  the  river  will  significant  quantities  of 
riverborne  sediment  be  transported  to  the  coast  sufficient  for  delta 
creation.  It  has  been  estimated  by  the  Los  Angeles  District  (1987)  that 
for  the  period  1 9^ 1—1 978 ,  sand  outflow  to  the  coast  by  the  Santa  Ana 
River  was  80,000  cubic  yards  per  year,  on  the  average.  The  amount  of 
sand  outflow  for  future  years  without  project  is  estimated  to  be  only 
25,000  cubic  yards  per  year,  on  the  average.  With  project,  the  sand 
outflow  to  the  ocean  for  future  years  is  estimated  to  increase  to 
36,000  cubic  yards  per  year,  on  the  average. 

7-03  The  ultimate  repository  for  all  littoral  material  removed  from  the 
system  is  the  open  ocean.  Material  which  disappears  from  the  beach  will 
either  be  transported  alongshore  and  out  of  the  littoral  cell  by 


movement  down  the  Newport  Submarine  Canyon,  or  will  be  carried  offshore 
by  wave  forces  and  deposited  in  shoal  regions  sufficiently  far  from 
shore  to  preclude  returning  to  the  nearshore  zone. 


Beach  Materials 

7-04  It  is  generally  considered  that,  subsequent  to  the  construction  of 
the  Anaheim  Bay  east  jetty  in  1944,  materials  comprising  the  dynamic 
surf  zone  portion  of  the  beaches  downeoast  to  the  Santa  Ana  River  mouth 
have  originated  as  nourishment  material  placed  on  Surfside-Sunset  Beach. 
The  beaches  between  the  Santa  Ana  River  mouth  and  Newport  Beach  consist 
of  a  combination  of  materials,  including  materials  placed  on  Surfside- 
Sunset  Beach,  riverborne  sediments  transported  to  the  coast  by  the  Santa 
Ana  River,  and  by  placement  material  used  to  fill  the  Newport  Beach 
groin  field.  Sediment  samples  were  taken  from  the  foreshore  slope  and 
backshore  of  Surfside-Sunset  Beach  (U.S.  Army  Engineer  District,  Los 
Angeles,  1978)  and  subjected  to  mechanical  analyses.  Results  of  the 
analyses  indicated  that  the  exposed  area  of  the  beach  was  composed  of 
extremely  clean,  predominantly  medium  to  coarse  grained  sand.  Those 
samples  contained  fines  no  greater  than  2  percent.  The  subtidal  zone  of 
the  sandy  beach  shoreline  became  more  silty.  The  higher  percentage  of 
fines  in  the  subtidal  zone  appeared  to  be  the  result  of  previous  beach 
nourishment  operations,  although  much  of  this  fine  material  could  have 
been  washed  by  wave  action  from  the  surf  zone  and  transported 
offshore.  Mechanical  analyses  of  samples  taken  from  Surfside-Sunset 
Beach  in  1987  also  indicated  a  similar  trend  toward  finer  grained 
materials  offshore  (U.S.  Army  Engineer  District,  Los  Angeles,  1987c). 


Offshore  Materials 

7-05  An  offshore  source  of  beach  material  designated  Borrow  Area  B  for 
nourishing  Surfside-Sunset  Beach  is  centered  6,900  feet  off  Sunset  Beach 
(U.S.  Army  Engineer  District,  Los  Angeles,  1978).  This  source  lies  on 
the  shoreward  boundary  of  an  area  previously  determined  by  the  U.S.  Army 
Coastal  Engineering  Research  Center  to  contain  suitable  beach 
material.  That  area  designated  as  Area  A-II  is  approximately  7  miles 
long  by  2  miles  wide,  extending  from  Seal  Beach  to  Bolsa  Chica  State 
Beach.  That  offshore  sand  Inventory  indicated  that  220,000,000  cubic 
yards  of  suitable  sand  exists  in  the  area  adjacent  to  Borrow  Area  B.  As 
is  characteristic  of  San  Pedro  Bay,  the  ocean  floor  encompassing  Area 
A-II  i3  uniformly  flat  and  slopes  an  average  of  0.3  percent.  Within 
Borrow  Area  B,  the  floor  is  also  relatively  flat,  varying  from  a  minimum 
depth  of  -31  feet  to  -41  feet  MLLW.  No  extreme  irregularities  were 
found  to  exist  within  this  borrow  area. 

7-06  Exploration  of  Borrow  Area  B  by  Los  Angeles  District,  (1978) 

Indicated  that  the  area  is  covered  with  a  gray,  slightly  silty,  medium 
grain  sand  extending  to  the  first  silt  or  clay  stratum.  These  silt  and 
clay  strata  vary  in  thickness  from  6  inches  to  6  feet,  are  laterally 
discontinuous,  and  occur  at  depths  ranging  from  3  feet  to  over  20  feet. 
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They  would  not  be  suitable  for  use  as  beach  replenishment;  only  that 
sand  above  the  first  stratum  would  be  considered  suitable.  The 
statistical  average  of  fines  is  9  percent  in  the  available  material  for 
the  total  borrow  area.  Laterally,  indications  were  that  the  shore  side 
of  the  borrow  area  should  be  avoided  because  of  the  more  shallow  clay 
strata  and  the  greater  percentage  of  fines  in  the  sand.  The  better 
material  tends  to  occur  seaward  and  toward  the  south  corner.  It  was 
estimated  that  dredging  a  section  to  20-foot  depth  and  1,000  feet  wide 
from  this  region  would  produce  1.75  million  cubic  yards  of  suitable 
material. 

7-07  A  study  by  the  University  of  Southern  California  for  the  State  of 
California  (Osborne,  et  al.,  1983)  defines  sand  borrow  source  materials 
for  the  offshore  region  of  the  San  Pedro  Littoral  Cell.  That  study 
indicated  that  13  test  holes  were  drilled  offshore,  a  distance  of  3,000 
to  18,000  feet  between  the  Huntington  Beach  Pier  and  the  Newport  Beach 
Pier.  A  sand  borrow  area  exists  between  Huntington  Beach  Pier  and  the 
Newport  Beach  Pier,  with  approximate  dimensions  of  10,000  feet  by 
8,000  feet  and  6  feet  deep,  which  would  yield  about  17,000,000  cubic 
yards  of  material.  The  area  lies  between  the  35-  and  130-foot  MLLW 
contours.  The  upcoast  and  downcoast  limits  are  12,000  and  4,000  feet, 
respectively,  upcoast  of  the  Newport  Beach  Pier,  and  parallel  to  the 
shoreline.  The  seaward  limits  extend  2,500  to  12,500  feet  offshore. 
Although  that  study  does  not  provide  the  depth  or  detailed  material 
descriptions  of  each  hole,  the  study  report  does  indicate  that  the 
sediments  encountered  in  the  test  holes  are  either  suitable  or 
marginally  fine  sand  that  could  be  U3ed  for  beach  replenishment  (Los 
Angeles  District,  1987). 
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VIII.  SEDIMENT  BUDGET 


Newport  Littoral  Cell 

8-01  Everts  (1987)  noted  that  the  southeastern  one-half  of  the 
contigious  San  Pedro  Littoral  Cell  also  satisfies  the  requirements  for 
being  identified  as  a  littoral  cell,  and  termed  this  portion  the  Newport 
Littoral  Cell  (see  fig.  6).  The  Santa  Ana  River  discharges  into  the 
Pacific  Ocean  at  about  the  southeastern  one-third  portion  of  the  Newport 
Littoral  Cell.  Before  1899  the  San  Pedro  Littoral  Cell  extended  from 
Point  Fermin  to  Corona  Del  Mar.  However,  3inee  that  time,  the  northern 
half  of  the  cell  has  been  greatly  modified.  Today,  coastal  processes 
north  of  Anaheim  Bay  are  essentially  completely  controlled  by  artificial 
structures.  Waves  are  effectively  blocked  by  the  Los  Angeles-Long  Beach 
Harbor  complex  breakwaters,  thereby  eliminating  littoral  sediment 
transport  behind  the  structures.  Sand  delivery  to  the  cell  by  the  Los 
Angeles  and  San  Gabriel  Rivers  has  been  significantly  reduced  by  the 
construction  of  sediment  impoundment  and  flood  control  structures  on  the 
rivers.  The  jetties  at  Anaheim  Bay  essentially  eliminate  all  transport 
of  littoral  material  from  the  west  into  the  Newport  Littoral  Cell. 

Hence,  the  coastal  processes  aspects  pertaining  to  sand  supply  of  the 
Newport  Littoral  Cell  are  dominated  by  beach  nourishment  projects  and 
the  minimal  supply  of  sediments  to  the  coastline  by  the  Santa  Ana  River 
(see  fig.  7). 


Shoreline  Changes 

8-02  The  Newport  Littoral  Cell  is  bounded  by  complete  barriers  to  the 
longshore  transport  of  sand.  Its  western  boundary  consists  of  the  east 
jetty  to  Anaheim  Bay,  and  its  eastern  boundary  is  the  west  jetty  to 
Newport  Bay,  although  the  approximately  2.5-mile  section  of  the  cell 
between  the  Newport  Submarine  Canyon  and  the  west  jetty  to  Newport  Bay 
(the  Balboa  peninsula)  may  not  be  significant  to  an  analysis  of  the 
sediment  budget  of  the  Newport  Littoral  Cell.  The  shoreline  of  the 
Newport  Littoral  Cell  is  in  a  state  of  dynamic  equilibrium,  with  most 
portions  of  the  cell  oscillating  about  a  relatively  stable  position. 
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Figure  7.  Sediment  sources,  transport  paths,  and  sinks  for  Newport  Littoral  Cell. 
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The  region  most  susceptible  to  shoreline  change  is  the  Surfside-Sunset 
Beach  renourishment  region,  with  the  change  being  as  much  as  500  feet 
over  5-  to  10-year  periods  between  renourishment  intervals.  Other 
regions  of  the  cell  show  relatively  insignificant  changes  over  long  time 
intervals. 


Newport  Littoral  Cell  Sediment  Budget 


SEDIMENT  SOURCES 

8-03  The  primary  source  of  sediment  to  the  Newport  Littoral  Cell  is  the 
feeder  beach  renourishment  area  at  Surfside-Sunset  Beach.  Renourishment 
f  activities  supply  about  360,000  cubic  yards  per  year,  on  the  average,  to 

the  cell.  A  secondary  source  of  sediment  to  the  Newport  Littoral  Cell 
is  riverborne  transport  by  the  Santa  Ana  River.  Under  previous 
conditions,  the  river  contributed  about  80,000  cubic  yards  per  year,  on 
the  average.  After  river  flood  control  channel  improvements  have  been 
completed,  the  river  will  contribute  only  about  36,000  cubic  yards  per 
year,  on  the  average. 

TRANSPORT  PATHS 

8— 01*  The  transport  path  for  sediments  of  the  Newport  Littoral  Cell  is 
the  surf  zone  which  is  energized  by  breaking  waves  arriving  from  the 
open  ocean.  For  the  section  of  relatively  straight  coastline  from 
Surfside-Sunset  Beach  to  Huntington  Beach,  the  net  downcoast  transport 
of  littoral  material  in  the  surf  zone  is  estimated  to  be  about 
276,000  cubic  yards  per  year,  on  the  average.  For  the  section  of 
relatively  straight  coastline  from  Huntington  Beach  to  Newport  Beach 
groin  field  (past  the  Santa  Ana  River  mouth),  the  net  downcoast 
transport  littoral  material  in  the  surf  zone  is  estimated  to  be  about 
112,000  cubic  yards  per  year,  on  the  average. 

SEDIMENT  SINKS 

8-05  Approximately  360,000  cubic  yards  of  material  is  placed  on 
Surfside-Sunset  Beach  each  year,  on  the  average;  however,  the  wave 
climate  apparently  is  able  to  transport  only  about  276,000  cubic  yards 
net  per  year  of  this  material  downcoast.  Hence,  the  difference  between 
these  two  quantities  (84,000  cubic  yards  per  year,  on  the  average),  Is 
probably  being  transported  offshore  to  known  regions  of  sand  deposits. 

8-06  The  wave  climate  in  the  Surfside-Sunset  Beach  region  is  capable  of 
transporting  approximately  276,000  cubic  yards  net  per  year  of  littoral 
material,  on  the  average.  However,  in  the  vicinity  of  the  Santa  Ana 
River  mouth,  the  wave  climate  is  capable  of  transporting  only  about 
112,000  cubic  yards  net  per  year,  on  the  average.  Since  no  visible 
accumulation  of  sediments  is  occurring,  the  difference  between  these  two 
quantities  (164,000  cubic  yards  per  year,  on  the  average),  is  probably 
being  transported  offshore  to  known  regions  of  sand  deposits. 
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8-07  The  net  downcoast  transport  of  littoral  materials  past  the  Santa 
Ana  River  mouth  of  approximately  112,000  cubic  yards  per  year,  on  the 
average,  is  being  lost  from  the  littoral  system,  either  down  the  Newport 
Submarine  Canyon  or  onto  the  continental  shelf  to  the  west  of  the  canyon 
where  known  regions  of  sand  deposits  exist.  In  addition  to  the  net 
downcoast  transport  of  littoral  material  of  112,000  cubic  yards  per 
year,  the  wave  climate  is  also  capable  of  transporting  that  riverborne 
sediment  which  is  carried  to  the  ocean  by  the  Santa  Ana  River,  as  long 
as  the  sum  of  the  riverborne  sediment  plus  the  net  downcoast  transport 
of  littoral  material  in  the  surf  zone  does  not  exceed  the  gross 
downcoast  transport  capacity  of  the  wave  field.  Hence,  as  long  as  the 
sediment  volume  carried  to  the  Pacific  Ocean  by  the  Santa  Ana  River  does 
not  exceed  237,000  cubic  yards  per  year,  on  the  average,  the  wave 
climate  will  transport  both  the  riverborne  sediments  and  the  net 
downcoast  transport  of  littoral  material  past  the  Newport  Beach  groin 
field  and  out  of  the  littoral  system.  Under  severe  flood  conditions 
where  riverborne  sediment  transport  to  the  coast  exceeds  237,000  cubic 
yards  per  year,  temporal  deltas  and  perturbations  to  the  coastline  in 
the  vicinity  of  the  Santa  Ana  River  mouth  will  develop.  Such  deltas  and 
other  perturbations  will  dissipate  as  dynamic  equilibrium  returns  to  the 
coastline  of  the  Newport  Littoral  Cell. 


IX.  TIDAL  INLET 


Existing  Inlet  Conditions 

9-01  The  recommended  plan  for  coastal  structure  improvement  at  the 
mouth  of  the  Santa  Ana  River  includes  a  relocation  of  the  Talbert 
Channel  approximately  1,000  feet  upcoast,  with  its  base  width  expanded 
from  70  feet  to  160  feet.  The  ocean  entrance  of  the  river  will  be 
expanded  from  its  existing  base  width  of  317  feet  to  a  new  base  width  of 
450  feet,  with  a  channel  invert  elevation  established  at  -4.00  feet  MLLW. 
The  Greenville-Banning  Channel  will  merge  with  the  river  about  1.5  miles 
upstream  from  the  Pacific  Ocean.  To  mitigate  the  loss  of  8  acres  of 
coastal  salt  marsh  required  for  river  expansion,  and  to  preserve  and 
enhance  an  84-acre  habitat  for  endangered  bird  species,  the  recommended 
plan  Includes  the  acquisition  and  Improvement  of  approximately  92  acres 
of  degraded  marshland  located  east  of  the  river  immediately  upriver  from 
the  Pacific  Coast  Highway.  To  the  maximum  extent  possible,  it  is  also 
necessary  to  ensure  that  the  relocated  Talbert  Channel  remains  open  to 
the  ocean;  thereby,  providing  tidal  exchange  for  a  proposed  17-acre 
marsh  restoration,  located  north  of  the  Pacific  Coast  Highway  and 
upstream  from  the  outlet,  by  Orange  County.  It  is  essential  to  provide 
tidal  exchange  for  the  planned  92-acre  marsh  east  of  the  Santa  Ana  River 
by  keeping  the  river  outlet  open  to  the  ocean.  The  hydraulic  design  of 
the  mouth  of  the  Santa  Ana  River  provides  adequate  flushing  ability  to 
maintain  the  tidal  inlet  system  open  from  the  closure  effects  of 
littoral  transport  in  the  surf  zone. 

9-02  The  tidal  range  at  the  project  site  is  of  importance  both  because 
it  will  play  a  central  role  in  the  design  of  the  topography  and 
hydraulic  inlet  structures  for  the  92-acre  marsh,  and  because  it  will 
determine  the  energy  available  for  scouring  littoral  material  from  the 
Talbert  Channel  and  Santa  Ana  River  outlets  during  ebb  tidal  flow. 

Tidal  conditions  inside  the  river  mouth  at  the  entrance  to  the  proposed 
92 -acre  marsh  will  depend  upon  the  extent  to  which  the  coastal  tides  are 
affected  by  head  losses  in  the  new  channel,  and  by  partial  or  total 
blockage  of  the  mouth  by  littoral  material. 
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Existing  Tides  at  the  Marsh  Entrance 


9-03  Tide  gauge  data  obtained  in  the  Greenville-Banning  Channel  by  the 
Orange  County  Environmental  Management  Agency  supports  the  conclusions 
that  the  channel  outlet  is  frequently  blocked.  A  small  water-level 
fluctuation  (generally  less  than  1  foot)  occurs  in  the  channel  during 
closure  episodes,  apparently  as  the  result  of  leakage  through  permeable 
areas  in  the  intermediate  jetties.  When  the  channel  is  open  to  the 
ocean,  the  tidal  range  is  significantly  less  than  that  which  occurs 
along  the  coast.  Whereas  the  mean  tidal  range  at  Newport  Bay  Entrance 
is  about  3.7  feet,  the  tidal  range  recorded  at  the  gauge  exceeded 
1.5  feet  only  46  percent  of  the  1983-1984  period.  The  primary  cause  of 
the  reduced  tidal  range  in  the  channel  appears  to  be  a  bar  or  "sill"  at 
the  ocean  outlet  which  obstructs  the  lower  portion  of  the  tidal 
excursion. 


Existing  Tides  in  the  Talbert  Channel 

9-04  Tide  measurements  analogous  to  those  obtained  in  the  Greenville- 
Banning  Channel  are  not  available  for  the  Talbert  Channel  or  the  Santa 
Ana  River.  To  provide  preliminary  information  on  the  presence  or 
absence  of  a  sill  across  the  Talbert  Channel  outlet,  the  water  level 
upstream  of  the  outlet  was  determined  on  22  September  1986.  Whereas  the 
predicted  low  water  elevation  at  Newport  Bay  Entrance  was  +1.0  feet 
MLLW,  the  measured  water  level  in  the  Talbert  Channel  (1,000  feet 
upstream  of  the  outlet)  did  not  fall  below  +2.0  feet  MLLW.  It  thus 
appears  that  a  sill  may  exist  at  the  Talbert  Channel  outlet,  but  at  a 
lower  elevation  than  that  which  obstructs  the  Greenville-Banning  Channel 
outlet.  This  conclusion  is  consistent  with  the  observation  that  the 
Talbert  Channel  remains  open  far  more  frequently  than  the  Greenville- 
Banning  Channel. 


Recommended  Structure  Configuration 

9-05  The  existing  jetties  at  the  project  site  will  be  replaced  by  four 
new  jetties;  (a)  two  to  stabilize  the  outlet  of  the  widened  Santa  Ana 
River,  and  (b)  two  to  stabilize  the  outlet  of  the  relocated  Talbert 
Channel.  A  training  dike  will  also  be  required  for  the  Santa  Ana  River 
outlet. 

9-06  The  jetty  configuration  at  the  new  Talbert  Channel  outlet  has  been 
designed  to  minimize  the  closure  frequency  of  the  outlet  while  avoiding 
significant  adverse  impacts  on  the  existing  littoral  transport  regime. 
The  Jetties  will  terminate  approximately  900  feet  seaward  of  the  Pacific 
Coast  Highway,  a  location  analogous  to  that  of  the  existing  northwest 
jetty  in  terms  of  proximity  to  the  typical  MLLW  shoreline.  The  ability 
of  the  existing  Talbert  Channel  to  remain  open  suggests  that  the  new 
jetties,  which  will  also  extend  to  the  MLLW  contour,  will  be  sufficient 
to  assist  the  channel  outflow  in  penetrating  the  zone  of  beach  drift. 
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Because  the  jetties  will  not  extend  beyond  the  present  shoreline, 
however,  they  will  not  impound  appreciable  quantities  of  littoral 
material.  It  is  anticipated  that  sand  will  bypass  the  new  outlet  in 
much  the  same  manner  as  it  bypasses  the  existing  Talbert  Channel  outlet, 
and  that  the  net  drift  of  material  toward  the  southeast  will  not  be 
materially  affected.  The  alignment  of  the  new  jetties  is  approximately 
perpendicular  to  the  shoreline. 

9-07  Potential  sand  migration  through  the  proposed  structure  will  not 
create  the  sand  plug  presently  experienced  at  the  mouth  of  the  river. 
Both  jetties  and  the  training  dike  at  the  mouth  of  Santa  Ana  River  will 
terminate  at  proximity  of  the  MLLW  contour.  Most  of  the  littoral 
transport  occurs  below  this  elevation.  The  sand  plug  is  being  created 
almost  entirely  by  the  material  moving  in  the  littoral  zone  and  entering 
around  the  jetties.  The  small  portion  of  the  sand  which  will  penetrate 
the  river  through  the  proposed  permeable  training  dike  or  the  jetties 
will  easily  be  flushed  by  the  tidal  action. 


Tidal  Inlet  and  Tidal  Exchange  System 

9-08  Historically,  the  Santa  Ana  River  and  Greenville-Banning  Channel 
have  experienced  frequent  closure.  The  existing  marsh  relies  on  a 
single  tidal  gate  for  exchange  of  tidal  and  riverine  flows  with 
Greenville-Banning  Channel.  Tidal  exchange  in  the  marsh  is  extremely 
poor  and  should  be  Improved  to  support  future  marsh  restoration  plans. 

On  the  other  hand,  tidal  exchange  in  the  existing  Talbert  Channel  has 
been  satisfactory  and  should  be  maintained.  Restoration  of  a  17-acre 
marsh  adjacent  to  the  Talbert  Channel  is  currently  being  planned  by 
others,  and  will  rely  on  exchange  of  tidal  and  riverine  flows  with  the 
Talbert  Channel. 

9-09  The  tidal  exchange  system  as  shown  on  figure  8  was  analyzed  by 
Simons.  Li,  and  Associates,  Inc.  (1987).  It  included  the  following: 

(a)  Training  Dike  No.  1,  to  provide  a  90-foot  channel  in  the  proposed 
Santa  Ana  River  to  prevent  littoral  sedimentation  which  may  result  from 
channel  widening;  (b)  Training  Dike  No.  2,  located  in  the  middle  of  the 
proposed  Talbert  Channel  to  retain  the  self-cleaning  capability  of  the 
existing  Talbert  Channel;  (c)  Tidal  Gate  No.  1,  located  on  the  Santa  Ana 
River  east  bank  above  the  Pacific  Coast  Highway  to  have  a  similar 
function  as  the  existing  gate;  (d)  Tidal  Gate  No.  2,  located  on  the 
Santa  Ana  River  east  bank  near  the  upper  end  of  the  proposed  92-acre 
marsh  to  provide  additional  flow  exchange  to  the  marsh;  and  (e)  Tidal 
Gate  No.  3,  located  at  the  confluence  of  the  proposed  Santa  Ana  River 
and  existing  Talbert  Channel  to  provide  tidal  exchange  between  the 
proposed  Santa  Ana  River  and  the  proposed  Talbert  Channel. 

9-10  Because  of  potential  tidal  exchange  through  Tidal  Gate  No.  3  and 
the  existing  Talbert  Channel  between  the  proposed  Santa  Ana  River  and 
the  proposed  Talbert  Channel,  both  the  92 -acre  marsh  and  the  17-acre 
marsh  have  an  auxiliary  system  to  provide  tidal  or  riverine  flows,  if 
the  primary  system  fails  to  function  due  to  unexpected  closure  of  either 
outlet. 
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9-11  Performance  of  the  proposed  tidal  exchange  system  was  carefully 
evaluated  and  a  general  guideline  for  operation  and  maintenance  was 
recommended  by  Simons,  Li,  and  Associates,  Inc.  (1987).  With  the 
proposed  training  dike  structures,  the  sediment  flushing  capability  and 
the  river  mouth  opening  potential  of  Santa  Ana  River  and  Talbert  Channel 
are  comparable  with  the  existing  Talbert  Channel.  The  tidal  ranges  in 
the  Santa  Ana  River  and  Talbert  Channel  near  the  proposed  92-acre  marsh 
and  the  17-acre  marsh  will  be  increased  when  compared  to  the  existing 
condition.  With  the  proposed  Tidal  Gates  Nos.  1  and  2,  and  the 
conceptual  92-acre  marsh  restoration  plan,  the  tidal  range  and  flow 
circulation  in  the  marsh  can  be  significantly  improved. 

9-12  Training  Dike  No.  2  (located  in  the  Talbert  Channel)  may  be 
deferred  in  construction  to  reduce  initial  cost,  and  to  allow  for 
observation  of  performance  of  remaining  aspects  of  the  tidal  exchange 
system.  This  dike  is  not  as  effective  as  Training  Dike  No.  1  in 
increasing  the  sediment  flushing  capability  of  the  proposed  channel. 

The  requirement  and  location  of  this  dike  can  be  determined  based  on 
field  observation  following  channel  construction.  During  the 
observation  period,  tidal  exchange  may  be  provided  through  the  proposed 
Santa  Ana  River  system  (with  Training  Dike  No.  1  and  Tidal  Gate  No.  3). 
If  there  is  a  tendency  for  Talbert  Channel  to  close,  construction  of 
Training  Dike  No.  2  should  proceed  immediately. 


X.  SANTA  ANA  RIVER  JETTY  DBS  I® 


10-01  The  design  of  improvements  recommended  In  this  appendix  is  based 
upon  standard  engineering  practice,  consultations  with  specialists  in 
coastal  engineering  oceanography  and  geology,  and  technical  references 
listed  at  the  end.  Plan,  profile,  and  sections  of  the  jetties  are  shown 
on  plate  1 . 


General 

10-02  Rubble-mound  jetties  are  selected  as  replacement  for  the  existing 
rubble-mound  jetties  in  the  Santa  Ana  River  mouth.  The  rubble-mound 
jetties  would  be  acceptable  to  Orange  County  for  esthetlcal  and  safety 
aspect,  and  the  character  of  the  shoreline.  Other  factors  for  selecting 
rubble-mound  structures  for  the  Santa  Ana  River  jetties  are  the 
availability  of  material,  acceptable  performance,  depth  of  water,  wave 
action,  exposure  to  the  ocean,  and  construction  costs. 


Stability  Coefficients 

10-03  Stability  coefficients  (Kp)  are  dimensionless  coefficients  used 
in  the  determination  of  the  weight  of  armor  units  of  rubble 
structures.  A  rubble  structure  is  composed  of  several  layers  of 
random-shaped  and  random-placed  stones,  and  is  protected  with  a  cover 
layer  of  selected  armor  units  of  either  quarrystone  or  specially  shaped 
concrete  units.  Relatively  satisfactory  experience  with  the  existing 
Santa  Ana  River  jetty  design  at  the  Pacific  Ocean  outlet  has  provided 
guidance  for  the  design  of  proposed  channel  improvements  in  this 
region.  The  design  of  the  ocean  outlet  includes  jetty  head  and 
structure  sections  comprised  of  rough  angular  quarrystone,  with  random 
placement  of  two  units  of  thickness  in  the  armor  layer.  For  the 
structure  head  section  designed  to  withstand  breaking  waves  of  14  sec., 
9  ft.  height,  the  stability  coefficient,  KD  is  1.6;  for  the  structure 
trunk  to  withstand  the  same  design  breaking  wave,  the  stability 
coefficient,  KD,  is  2.0.  Upriver  from  east  jetty  station  10+30  (west 
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jetty  sta.  9+60),  non-breaking  waves  are  expected  immediately  after 
construction  of  the  flood  control  channel.  However,  after  normal 
shoaling  created  by  riverborne  and  littoral  sediment  transport 
accumulates  in  the  excavated  channel  section  breaking  of  waves  on  this 
section  with  heights  less  that  the  design  9  feet  wave  height  may  occur. 
Hence,  the  stability  coefficient  for  a  breaking  wave  condition  should 
still  be  utilized  in  this  section  of  rubble  structure  (KD  =  2.0)  even 
though  the  maximum  broken  wave  height  will  not  exceed  approximately 
5  feet  in  height. 


Side  Slope 

10-04  The  flatter  the  side  slope  of  a  rubble  mound  structure,  the  more 
stable  the  slopes  will  be.  Side  slopes  should  not  be  steeper  than  IV  on 
1.5H.  Based  on  empirical  knowledge  obtained  from  historical  experience 
with  similar  rubble  structures  under  corresponding  wave  and  tide 
conditions,  structure  head  slopes  of  IV  on  2H  have  been  found  to  be 
satisfactory,  particularly  in  light  of  the  fact  that  this  slope  is  then 
utilized  in  conjunction  with  the  appropriate  stability  coefficient  KD, 
to  determine  the  stable  armor  stone  size.  That  is,  a  change  in 
structure  head  slope  requires  a  compensating  chance  in  stability 
coefficient,  KD,  to  determine  the  stable  armor  stone  size.  Based  on 
previous  experience,  the  slopes  of  the  head  sections  of  the  Santa  Ana 
River  jetties  from  west  jetty  station  7+90  to  station  9+60  (east  jetty 
stas.  8+60  to  10+30)  should  be  IV  oh  2H  in  order  to  provide  greater 
assured  resistance  to  forces  from  the  design  wave  breaking  directly  on 
the  seaward  end  of  the  structure. 

10-05  Upriver  beyond  the  rubble  structure  head  section  above  west  jetty 
station  9+60  (east  jetty  sta.  10+30),  the  side  slopes  of  the  jetty 
structure  trunk  actually  constitute  the  side  slopes  of  the  flood  control 
channel,  and  the  armor  stone  also  functions  as  channel  riprap.  The 
stability  of  riprap  bank  revetments  is  affected  by  the  steepness  of 
channel  side  slopes.  Side  slopes  on  which  stone  is  placed  by  machine  or 
dumped  should  not  be  steeper  than  IV  on  2H  (EM  1110-2-1601,  Engineering 
and  Design:  Hydraulic  Desigh  of  Flood  Control  Channels,  1  July  1970). 
Hence,  the  IV  on  2H  side  slopes  utilized  for  the  rubble  structure  jetty 
head  section  will  be  continued  for  the  structure  trunk  section  upriver 
between  the  head  section  and  the  transition  section  from  the  rubble 
jetty  structure  to  the  flood  control  channel. 


Crest  Elevation 

10-06  The  crest  elevation  of  the  Santa  Ana  River  flood  control  channel 
levee  has  been  established  at  +11.0  feet  MLLW  (+8.1  feet  MSL)  at  the 
outlet  of  the  channel.  This  results  in  the  head  section  of  the  flood 
control  channel  having  a  freeboard  of  4.5  feet  for  the  design  flood. 
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10-07  Overtopping  of  rubble  structures  such  as  the  Santa  Ana  River 
flood  control  channel  terminating  jetties  can  be  tolerated  only  if  it 
does  not  cause  damaging  conditions  behind  the  structures.  Whether 
overtopping  will  occur  depends  on,  among  other  things,  the  wave 
characteristics  of  height  and  period,  and  the  maximum  tide  level.  For 
design  SWL  =  +7.0  feet  MLLW,  and  a  design  wave  at  the  structure  of 
14  sec.,  9  ft.  height,  minor  overtopping  of  the  jetties  will  occur  at 
these  extreme  wave  and  tide  conditions.  The  design  wave  arriving  at  the 
design  SWL  will  overtop  the  seaward  end  of  the  jetties  by  about 
0.5  feet.  The  frequency  of  occurrence  of  such  an  event  is  extremely  low 
and,  additionally,  such  overtopping  will  not  cause  damage  to  the 
structure  or  otherwise  adversely  affect  the  flood  control  channel  or 
other  adjacent  structure  or  feature  of  the  landscape.  Such  minor 
overtopping  may  not  only  be  tolerated,  it  is  conceivable  that  such 
overtopping  will  actually  be  beneficial  by  allowing  wave  overflow  to 
backwash  fillet  formation  sand  around  the  tips  of  the  jetties  and  be 
transported  back  into  the  littoral  system. 

10-08  Hence,  considering  the  low  frequency  of  occurrence  of  a  minor 
amount  of  overtopping  which  may  be  actually  beneficial,  the  crest 
elevation  of  the  terminating  jetties  of  the  Santa  Ana  River  flood 
control  channel  at  the  Pacific  Ocean  is  considered  to  be  +11.0  feet  MLLW 
(+8.1  feet  MSL) . 


Armor  Stone 

10-09  The  capstone  forms  the  protective  covering  of  the  jetties  and 
covers  the  corestone,  the  seaward  end,  and  both  sides  of  the  jetties. 
Capstone  weight,  crest  width,  and  layer  thickness  are  important  factors 
in  the  stability  of  the  primary  cover  layer.  The  minimum  weight 
requirement  for  individual  capstones  is  based  on  the  stability  formula 
for  rubble-mound  structures  as  follows: 

3 

W  =  wrH _ 

Kd  (Sr-1)3  cot  a 


Where :  W 
Wr 
H 


a 

Kr 


Weight  of  armor  unit  in  primary  cover  layer,  pounds 

Unit  weight  of  armor  unit,  pounds/cubic  foot 

Design  wave  height  measured  at  the  location  of  the  proposed 
structure ,  feet 

Specific  gravity  of  armor  unit  relative  to  sea  water 
Angle  of  Jetty  slope  measured  from  horizontal,  degrees 
Stability  coefficient. 


\ 


) 
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The  minimum  required  weight  for  individual  capstone,  Class  A,  for  a 
design  wave  of  9  feet  high,  a  KD  of  1.6,  a  slope  of  IV  on  2H,  and  a  unit 
weight  of  stone  of  160  pounds  per  cubic  foot,  is  5  tons.  Therefore,  the 
armor  stones  between  west  jetty  stations  7+90  and  9+60  (east  jetty 
stas.  8+60  to  10+30)  can  range  from  about  4  to  6  tons,  with  about 
50  percent  of  the  individual  stones  weighing  more  than  5  tons.  The 
armor  stone  layer  thickness  is  8  feet  and  the  crest  width  is  12  feet. 
Further  up  the  channel  between  west  jetty  stations  9+60  and  11+90  (east 
jetty  stas.  10+30  to  12+60),  the  weight  of  individual  capstone  should  be 
3  tons  and  the  layer  thickness  6  feet.  Between  west  jetty  stations  11+90 
and  13+52  (east  jetty  stas.  12+60  to  14+22)  the  weight  for  individual 
capstone  should  be  2  tons  and  the  layer  thickness  5  feet.  The  crest 
width  remains  12  feet  along  the  jetties. 

10-10  The  proposed  jetty  stone  size  is  larger  than  the  existing. 

Design  wave  analysis  of  the  Santa  Ana  River  jetties  and  the  training 
dike  resulted  in  the  breaking  9  feet  wave  height.  According  to  the 
Hudson  formula  a  5-ton  armor  layer  is  required  for  stability  of  the 
structures.  Design  wave  conditions  are  constrained  by  a  depth  limited 
breaking  wave  height.  The  14  feet  of  water  depth  results  from  a  +7  feet 
(MLLW)  tide  and  scour  elevation  to  -4  feet  (MLLW)  which  is  also  a  design 
invert  elevation.  Offshore  wave  conditions  which  can  produce  the  9  feet 
breaking  wave  height  can  occur  several  times  a  year  and  are  typically 
associated  with  the  winter  storm  season  when  maximum  scour  elevations 
are  expected.  Therefore,  it  is  believed  that  the  5-ton  size  stone  is 
justified. 


Corestone 

10-11  Class  B  stone  will  be  used  as  corestone  to  form  a  dense  compact 
mound  to  support  the  cap  stone.  In  accordance  with  SPM  (1984),  the 
weight  of  the  corestone  is  approximately  one  tenth  the  weight  of  the  cap 
stone  units.  The  corestone  is  not  subject  to  eroding  forces  from  wave 
action  and  will  have  the  following  gradation: 


Weight  of  Pieces,  Pounds 

Percent  by  Weight  Smaller  Than 

1,000 

100 

500 

80-95 

200 

40-60 

50 

5-25 

10 

0-5 

Bedding  Layer 

10-12  A  bedding  layer  is  used  to  protect  the  foundation  of  the 
rubble-mound  jetties  from  scour  and  migration.  The  bedding  layer 
prevents  erosion  during  and  after  construction  by  dissipating  forces 
from  horizontal  wave,  tide,  and  longshore  currents.  A  one-foot  thickness 
is  allowed  to  assure  that  bottom  irregularities  are  completely  covered. 


B-X-4 


An  additional  one-foot  thickness  is  required  to  compensate  for 
disturbance  by  placement  of  larger  stones,  for  a  total  bedding  layer 
thickness  of  2  feet.  The  bedding  stone  will  be  quarry  waste  material, 
reasonably  well  graded  with  the  limits  specified  below. 


Weight  of  Pieces,  Pounds  Percent  by  Weight  Smaller  Than 


50 

100 

30 

40-60 

10 

20-40 

1 

0-20 

Toe  Protection 

10-13  Toe  protection  for  the  head  of  the  Santa  Ana  River  jetty  was 
designed  against  maximum  scour  force  based  on  the  following  two 
conditions,  outlined  in  SPM  (1984).  The  first  condition  is  the 
occurrence  of  water  depth  at  the  toe  that  is  less  than  twice  the  height 
of  the  maximum  unbroken  wave  height.  The  estimated  maximum  unbroken 
wave  height  is  about  8  feet.  The  water  depth  at  the  toe  at  a  Stillwater 
level  of  +7  feet  is  about  11  feet  and,  therefore,  is  less  than  twice  the 
maximum  unbroken  wave  height  of  16  feet.  The  second  condition  that 
requires  maximum  scour  force  protection  is  a  structure  wave  reflection 
coefficient,  x,  that  equals  or  exceeds  0.25,  which  is  generally  true 
for  slopes  steeper  than  about  IV  on  3H.  The  seaward  slope  of  the  Santa 
Ana  River  jetty  is  about  IV  on  2H  and  therefore,  the  reflection 
coefficient,  x,  would  exceed  0.25. 

10-14  As  a  result,  the  two  conditions  in  the  Shore  Protection  Manual 
(1984)  govern.  The  toe  protection  would  have  a  layer  two  stone  thick  of 
stone  weighing  about  one-thirteenth  the  weight  of  the  primary  armor 
stone.  The  toe  protection  would  be  2  feet  thick  and  the  weight  of  the 
minimum  toe  protection  stone  will  be  about  400  pounds.  The  width  of  the 
toe  protection  would  be  4  feet. 


Scour  Protection 

10-15  The  riprap  to  protect  against  channel  scouring  caused  by 
floodflows  was  designed  in  accordance  with  procedures  in  appendix  IV  of 
EM  1110-2-1601  for  scour.  The  riprap  against  scouring  will  have  a 
thickness  of  5  feet,  a  slope  of  IV  on  2H  and  will  extend  10  feet  below 
the  flood  control  channel  invert.  The  stone  size  W^q  will  be  700  pounds 
and  will  range  from  2,800  to  90  pounds.  The  riprap  would  be  connected 
to  the  armor  stone  that  will  be  extended  one  stone  thick  (2  feet)  into 
the  invert  of  the  channel  improvement. 
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XI. 


SANTA  ANA  RIVER  -  TRAINING  DIKE  DESIGN 


General 

11-01  Plan,  profile,  and  sections  of  the  training  dike  are  shown  on 
plate  2.  The  training  dike  is  designed  in  accordance  with  the  design 
criteria  and  engineering  assumptions  used  in  the  design  of  the  Santa  Ana 
River  jetties.  The  design  wave  at  the  ocean  end  of  the  training  dike  is 
the  14  seconds,  9  feet  breaking  wave.  The  stability  coefficient,  Kp,  is 
1.6  for  the  structure  head  and  2.0  for  the  structure  trunk. 


Side  Slopes  and  Crest  Elevation 

11-02  The  side  slopes  are  IV  on  2H.  The  crest  elevation  varies  from 
+5.0  feet  MSL  at  the  structure  head  to  +3.0  feet  MSL  at  the  end  of  the 
training  dike.  The  crest  elevations  are  designed  to  the  elevation  of 
the  existing  sand  plug  in  the  river  mouth. 


Armor  Stone 

11-03  The  armor  stones  for  the  training  dike  are  5  tons  and  can  range 
from  about  4  to  6  tons,  with  about  50  percent  of  the  individual  stones 
weighing  more  than  5  tons.  The  armor  stone  layer  thickness  is  8  feet 
and  the  crest  width  is  12  feet. 


Corestone 

11-04  Class  B  stone  will  be  used  as  corestone  to  form  a  compact  mound 
to  support  the  capstone.  The  corestone  would  not  be  subject  to  eroding 
forces  from  wave  action  and  will  have  the  following  gradations. 


Weight  of  Pieces,  Pounds 


Percent  by  Weight  Smaller  Than 


1,000 

100 

500 

80-95 

200 

40-60 

50 

5-25 

10 

0-5 

Bedding  Layer 

11-05  The  bedding  layer  to  protect  the  foundation  of  the  training  dike 
from  undermining  will  be  2  feet  thick.  The  bedding  stone  will  be  quarry 
f  waste  material,  reasonably  well  graded  with  the  limits  specified  below. 


Weight  of  Pieces,  Pounds  Percent  by  Weight  Smaller  Than 


50 

100 

30 

40-60 

10 

20-40 

1 

0-20 

Toe  Protection 

11-06  Toe  protection  for  the  head  of  the  training  dike  was  designed 
against  maximum  scour  force  used  for  the  Santa  Ana  River  jetties. 

11-07  The  toe  protection  will  have  a  layer  two  stone  thick  of  stone 
weight  about  one-thirteenth  the  weight  of  the  primary  armor  stone.  The 
toe  protection  will  be  2  feet  thick  and  the  weight  of  the  toe  protection 
will  be  about  400  pounds.  The  width  of  the  toe  protection  will  be 
4  feet. 


Scour  Protection 

11-08  The  riprap  to  protect  against  channel  scouring  caused  by 
flood  flows  was  designed  in  accordance  with  procedures  in  appendix  IV  of 
EM  1110-2-1601  for  scour.  The  riprap  will  have  a  thickness  of  5  feet,  a 
slope  of  IV  on  2H  and  will  extend  10  feet  below  the  flood  control 
channel  invert.  The  stone  size  W^q  will  be  700  pounds  and  will  range 
from  2,800  to  90  pounds.  The  riprap  will  be  connected  to  the  armor 
stone  that  has  been  extended  one  armor  stone  thick  (2  feet)  into  the 
Invert  of  the  channel  improvement. 


) 
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XII .  CONSTRUCTION  MATERIALS 


Sources  of  Stone 

12-01  Sufficient  quantities  of  suitable  stone  will  be  available  from 
the  existing  structures  and  from  privately  owned  quarries  mostly  located 
near  Riverside  and  Corona,  California.  The  unit  weight  of  stone  from 
these  quarries  ranges  from  about  164  to  175  pounds  per  solid  cubic  foot, 
and  a  unit  weight  of  1 60  pounds  per  solid  cubic  foot  was  used  in  the 
jetty  design.  Recent  laboratory  quality  compliance  tests  have  been  made 
on  stone  samples  from  selected  quarries  in  connection  with  several  other 
similar  Corps  of  Engineers  projects.  Although  the  majority  of  the  stone 
sources  tested  have  produced  acceptable  stone  in  the  past,  it  cannot  be 
assumed  that  they  will  continue  to  do  so.  Therefore,  any  stone  source 
considered  for  use  as  slope  protection,  either  a  quarry  or  existing 
structure,  will  require  further  field  inspection  and  evaluation  and  may 
require  additional  quality  compliance  testing  prior  to  stone  placement. 

A  list  of  potential  stone  sources  for  which  recent  laboratory  test 
results  are  available  is  shown  in  the  Geotechnical  Appendix. 


Existing  Stone 

12-02  Approximately  27,000  tons  of  Class  A,  8,000  tons  of  Class  B,  and 
24,000  tons  of  Class  C  quarry  stones  were  used  during  the  construction 
of  the  Santa  Ana,  Talbert,  and  Greenville-Banning  jetties  in  1958  by  the 
Orange  County  Flood  Control  District.  The  weight  of  the  Class  A  stone, 
in  general,  ranged  between  0.5  and  3  tons  each,  with  50  percent  by 
weight  not  less  than  1,500  pounds  nor  more  than  3  tons  each.  The 
minimum  weight  of  the  Class  B  stone  was  200  pounds,  each,  and  not  less 
than  50  percent  by  weight  of  the  Class  B  stone  weighted  between  600  and 
1,500  pounds  each.  The  Class  C  stone  was  used  for  invert  and  embankment 
paving  and  the  stone  pieces  ranged  from  8  to  30-inches.  Wherever 
possible,  the  three  grades  of  stones  will  be  salvaged  for  the 
construction  of  the  jetties. 
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XIII 


RECOMMENDED  PLAN  -  MOUTH  OP  SANTA  ANA  RIVER 


13-01  The  recommended  plan  for  the  coastal  features  consists  of  (1) 
Santa  Ana  River  jetties  to  form  the  ocean  entrance  of  the  flood  control 
channel  and  (2)  a  training  dike  to  provide  an  ocean  inlet  for  tidal 
exchange  between  the  ocean  and  92 -acre  salt  marsh.  The  recommended  plan 
is  shown  in  figure  8. 

13-02  The  Santa  Ana  River  jetties  will  begin  at  approximately  the  same 
location  as  the  existing  jetties  (MSL).  The  two  jetties  will  extend 
upstream  along  the  river  about  500  feet.  The  Santa  Ana  River  jetties 
will  increase  the  existing  river  width  from  317  to  450  feet.  The 
existing  Talbert  Channel  will  be  relocated  by  local  interests  on  the 
upcoast  end  of  the  Least  Tern  colony  nest. 

13-03  The  850-foot-long  training  dike  will  be  constructed  in  the  river, 
paralleling  the  Santa  Ana  River  west  jetty.  The  dike  and  the  west  jetty 
will  form  a  90-foot  wide  trapezoidal  ocean  inlet  to  provide  for  tidal 
exchange  between  the  Santa  Ana  River  and  the  92-acre  Saltmarsh,  should 
the  river  mouth  shoal.  The  trapezoidal  ocean  inlet  will  have  a  sediment 
cleaning  capability  to  remain  open,  about  2.5  time3  greater  than  the 
existing  Talbert  Channel,  based  on  studies  by  Simon,  Li,  and  Associates 
(1987). 

13-04  Consideration  was  given  to  constructing  the  Santa  Ana  River 
jetties  about  140  feet  south  of  the  recommended  alignment  to  avoid  the 
State  Beach.  However,  the  plan  was  not  considered  feasible  because  it 
would  remove  12  residences  and  would  eliminate  about  9  acres  of  marsh 
land  for  the  92 -acre  Saltmarsh  restoration  project.  In  addition,  the 
existing  Pacific  Coast  Highway  bridge  would  have  to  be  lengthened 
140  feet. 


Access  Road 

13-05  Adequate  road  access  exists  for  the  construction  of  the  Santa  Ana 
River  jetties  and  the  training  dike  via  the  Santa  Ana  River. 
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RECOMMENDED  PLAN  -  -  MOUTH  OF  SANTA  ANA  RIVER  FIGURE  S 


Disposal  of  Channel  Material 


t 


13-06  Approximately  4,260,000  cubic  yards  of  material  will  be  excavated 
from  the  Santa  Ana  River  during  construction  of  the  flood  control 
channel.  It  is  estimated  that  out  of  this  amount  about  2,750,000  cubic 
yards  could  be  utilized  for  beach  nourishment.  During  the  initial  stage 
of  construction,  approximately  1,384,000  cubic  yards  will  be  removed 
from  the  first  reach,  which  extends  about  two  miles  up  the  channel.  It 
is  proposed  to  place  1,000,000  cubic  yards  of  this  material  within  the 
Newport  groin  field,  filling  the  cells  up  to  capacity.  The  remaining 
384,000  cubic  yards  could  be  used  to  nourish  the  beach  about  2,000  feet 
down  coast  from  the  mouth  of  the  river. 

13-07  Stage  two  construction  will  excavate  approximately  1,367,000  cubic 
yards  of  material  from  the  second  reach,  which  extends  up  to  5  miles  up 
the  river  channel.  Depending  on  the  time  and  the  wave  conditions 
between  these  two  stages  of  construction,  material  placed  between  the 
groins  and  on  the  beach  will  be  partially  depleted  due  to  the  coastal 
processes.  Therefore,  placement  of  the  material  during  the  first  stage 
of  construction  can  be  repeated  for  the  second  stage. 


Operation  and  Maintenance 

13-08  The  existing  rubble-mound  jetties  at  the  Santa  Ana  River  mouth 
have  sustained  little  or  no  damage  over  the  28-year  period  they  have 
been  in  service  (1958-1986).  Since  the  new  jetties  will  utilize  a 
larger  capstone  and  will  not  be  exposed  to  larger  waves,  very  little 
maintenance  is  expected.  A  damage  criteria  of  0  to  5  percent  of  the 
cost  of  the  capstone  is  used  to  determine  the  maintenance  cost  over  the 
50  years  of  the  structure  life. 
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II V.  EFFECT  OF  THE  RECOMMENDED  PLAN  ON  THE  SHORELINE 
AND  TIDAL  INLET 


General 

14-01  The  major  improvements  contemplated  for  the  Santa  Ana  River  flood 
control  channel  from  Prado  Dam  to  the  Pacific  Ocean  have  the  potential 
for  influencing  coastal  processes  at  the  river  mouth  from  three 
different  aspects. 

a.  The  enlargement  of  the  flood  control  channel  by  the  excavation 
of  over  4,000,000  cubic  yards  of  material  will  affect  the  outflow  of 
sediment  transported  to  the  coastline  under  floodflow  conditions  as 
aggradation  within  the  channel  will  be  influenced  following 
construction,  and  for  that  period  of  time  until  equilibrium  conditions 
have  reestablished. 

b.  The  excavated  material  must  be  disposed  at  either: 

(1)  upland  disposal  sites, 

(2)  in  the  open  ocean, 

(3)  utilized  as  beach  nourishment  if  suitable,  or 

(4)  by  combinations  of  the  first  three  possibilities. 

Disposal  of  large  quantities  of  material  in  the  open  ocean  or 
utilization  as  beach  nourishment  material  by  placement  on  beaches  either 
upcoast  or  downcoast  of  the  river  mouth  may  affect  potential  for  closure 
of  the  river  mouth  by  wave  transport  of  littoral  material. 

c.  The  physical  location  of  the  oceanward  termination  of  the  rubble 
jetties  for  stabilization  of  the  location  of  the  improved  Santa  Ana 
River  will  influence  the  asymptotic  orientation  of  the  shoreline  upcoast 
and  downcoast  of  the  river  mouth. 
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Santa  Ana  River  Sediment  Transport 


14-02  For  the  period  1941-1971,  an  estimate  of  the  coarse  sediment 
discharge  by  the  Santa  Ana  River  was  made  by  Kroll  (1975).  This  estimate 
was  adjusted  by  the  Los  Angeles  District  (1987a)  by  including  sediment 
outflow  to  represent  the  period  up  to  1978.  The  estimated  average 
annual  sand  deposition  in  the  river  channel  under  existing  conditions 
was  60,000  cubic  yards  per  year,  and  the  estimated  average  annual  sand 
outflow  to  the  ocean  under  existing  conditions  during  1941-1978  was 
determined  to  be  80,000  cubic  yards  per  year.  Under  with  project 
conditions,  the  average  annual  channel  deposition  and  sand  outflow  to 
the  Pacific  Ocean  were  estimated  to  be  31,000  and  36,000  cubic  yards  per 
year,  respectively.  The  without  project  average  annual  deposition  and 
sand  outflow  to  the  coastline  were  estimated  to  be  24,000  and 
25,000  cubic  yards  per  year,  respectively.  Hence,  the  with  project 
condition  (from  mathematical  projections  into  the  future)  will  increase 
the  quantity  of  coarse  sediment  to  the  coastline  by  11,000  cubic  yards 
annually  when  compared  to  the  without  project  condition  (also  computed 
in  the  same  manner ) . 
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APPENDIX  C 


Sediment  Transport  Analyses 
Lower  Santa  Ana  River 

Appendix  C  contains  three  reports.  The  first  report  -  Main  Report- 
discusses  the  entire  sediment  transport  analysis  using  the  Phase  I  GDM 
channel  configuration.  The  second  report  is  an  independent  review;  which 
was  requested  by  the  Office  of  the  Chief  of  Engineers.  The  third  report 
is  an  addendum  to  the  main  report  describing  the  sediment  analysis  for  a 
trapezoidal  channel  configuration. 


EXECUTIVE  SUM1ART 


The  sediment  transport  study  for  the  Lower  Santa  Ana  River  consists 
of  a  complex  linking  of  a  large  number  of  basic  steps.  The  executive 
summary  capsulizes  how  the  steps  link  together  and  describes  the  final 
results. 


Main  Report 

The  hydraulic  design  of  the  proposed  Santa  Ana  River  flood  control 
channel  improvement  was  analyzed  to  ensure  that  the  channel  would 
function  properly  under  anticipated  sediment  loads  during  the  design 
flood  and  more  frequent  floods.  The  study  reach  extends  approximately 
31  miles  from  Prado  Dam  to  the  Pacific  Ocean  and  is  otherwise  referred 
to  as  the  Lower  Santa  Ana  River  (LSAR).  The  study  reach  of  the  LSAR 
under  project  conditions  was  subdivided  into  four  distinct  reaches.  The 
four  reaches  are  identified  as  the  canyon  reach,  drop  structure  reach, 
concrete  channel  reach,  and  the  soft-bottom  channel  ocean  reach.  The 
latter  three  reaches  comprise  the  proposed  channel  improvement 
approximately  24  miles  long  (referred  to  in  text  as  the  improved 
channel).  Santiago  Creek  is  the  only  significant  tributary  and  it 
enters  the  LSAR  approximately  11  miles  upstream  of  the  Pacific  Ocean. 
Specifically,  the  proposed  channel  was  analyzed  to:  (1)  identify 
reaches  of  aggradation  and  degradation;  (2)  determine  channel  design 
requirements  to  accommodate  scour /deposition  by  the  design  flood  in 
terms  of  flow  capacity  in  reaches  of  aggradation  and  invert 
stabilization  in  reaches  of  degradation;  (3)  assess  the  long  term 
deposition  for  operations  and  maintenance  requirements  of  the  channel; 
and  (4)  assess  the  long-term  sand  outflow  to  the  Pacific  Ocean.  A 
summary  of  the  sediment  analysis  follows: 

Data  collection  efforts  turned  up  maintenance  records  that  indicate 
the  average  annual  sediment  deposition  in  the  study  reach  is  55,000 
cubic  yards  per  year.  Aerial  photos  were  available  for  1982,  1974,  and 
1938.  Bed  material  analysis  indicates  about  90  percent  sand  and  10 
percent  gravel.  Channel  surveys  were  performed  after  the  1978  and  1980 
flood  events.  Project  channel  geometry  was  taken  from  the  Phase  I  GDM. 


Streamflow  data  was  recorded  below  Prado  Dam,  at  Imperial  Highway,  at 
Ball  Road  and  at  Fifth  Street.  Suspended  sediment  measurements  were 
also  made  at  these  gauging  sites.  The  gauge  measurements  were  corrected 
to  account  for  the  unmeasured  sediment  load. 

A  qualitative  analysis  using  the  Lane  relationship  indicated  that 
the  drop  structure  reach  will  experience  aggradation;  the  area  just 
upstream  from  the  Santiago  Creek  confluence  will  remain  stable;  the  all 
concrete  reach  will  flush  sediments  through  maintaining  its  design 
invert  elevation;  the  channel  ocean  reach  downstream  from  the  San  Diego 
Freeway  will  experience  deposition. 

An  equilibrium  slope  analysis  using  Yang's  equation  yields  general 
results  similar  to  the  qualitative  analysis.  It  was  determined  that  bed 
armoring  would  be  unlikely  during  the  design  flood  due  to  the  relatively 
small  representative  grain  size.  The  armor  grain  size  is  between  10  and 
70  mm.  The  dg^  grain  size,  however,  is  2  mm. 

A  limiting  degradation  slope  was  estimated  using  four  different 
methods:  Schoklitsch  bedload  equation,  Meyer-Peter  Muller  bedload 
equation,  Shields  diagram,  and  Lane's  critical  tractive  force  method. 
These  methods  yielded  limiting  degradation  slopes  of  0.000029,  0.000029, 
0.0000073,  and  0.000004,  respectively  which  are  milder  than  the  design 
slopes. 

A  relationship  between  sediment  discharge  and  water  discharge  was 
developed.  The  relationship  incorporated  all  sediment  sources  in  the 
canyon  reach  upstream  from  the  proposed  project  inlet  at  Weir  Canyon 
Road.  Stream  gauge  data  was  available  for  sediment  loads  for  discharges 
up  to  14,000  cfs.  The  computer  program  HEC-6  was  used  to  estimate 
sediment  loads  for  higher  discharges.  Tatum's  method  was  used  to 
estimate  sediment  yield  from  the  canyon  watershed  during  a  design 
storm.  Bank  erosion  estimates  were  made  by  examining  aerial 
photographs.  The  Pacific  Southwest  Inter-Agency  Committee  method  and 
the  Flaxman  method  were  also  used  to  estimate  sediment  yield.  A 
sediment  yield  rate  of  1.64  acre-feet/square-mile/year  was  determined 
for  the  canyon  watershed  between  Prado  Dam  and  the  improved  channel 
reach.  This  yield  rate  compared  well  to  reservoir  deposition  data 
indicating  a  1.45  acre-feet/square-mile/year  sediment  yield  rate  at 
nearby  Santiago  Reservoir.  An  average  annual  sediment  inflow  of  up  to 
132,000  cubic-yards/year  was  determined  to  enter  the  improved  channel 
reach.  This  value  includes  sand,  silt,  and  clay  sizes. 

Sedimentation  analysis  was  carried  out  using  the  Corps  of  Engineers' 
computer  program  HEC-6  and  a  WES  modified  version  known  as  H6NBS36.  The 
geometric  data  covered  the  project  inlet  at  Weir  Canyon  Road  to  its 
outlet  at  the  Pacific  Ocean.  The  program  was  calibrated  using  data  from 
the  flood  of  1978.  Yang's  unit  stream  power  method  was  used  as  a 
transport  function  in  HEC-6.  The  calibration  was  performed  by  adjusting 
the  Manning's  "n"  value  of  each  section  until  agreement  was  obtained 
between  computed  and  observed  bed  changes.  The  calibrated  data  set  was 
verified  using  records  from  the  1980  flood.  The  bed  changes  were 
reproduced  fairly  well  except  for  the  reach  downstream  from  the  Santiago 
Creek  confluence.  In  this  reach,  computed  degradation  was  less  than  the 
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degradation  observed  during  the  1980  flood.  The  degradation  was 
attributable  to  finer  bed  material  found  only  in  this  reach.  The  HEC-6 
model  would  not  be  affected  by  this  fine  material  since  this  reach  under 
project  conditions  calls  for  a  concrete-lined  channel. 

The  data  set  for  the  project  condition  was  developed  from  plans  in 
the  Hydraulic  Appendix  in  the  Phase  I  GDM.  Grain  size  analyses  were 
performed  throughout  the  study  area  and  a  single  representative  grain 
size  distribution  was  used  (pi.  3).  The  project  condition  was  evaluated 
using  balanced  hydrographs  representing  10-,  25-,  50-,  and  100-year 
frequency  flood  events  as  well  as  the  design  event.  The  following 
roughness  values  were  used  for  the  project  condition:  n  =  0.02  for  the 
downstream  channel  ocean  reach,  n  =  0.015  for  the  concrete  lined  middle 
reach,  n  =  0.025  for  the  drop  structure  reach.  Form  drag  caused  by  bed 
forms  was  included  in  the  development  of  "n"  values. 

The  design  flood  was  simulated  for  the  project  condition  using  the 
HEC-6  computer  program.  Two  different  inflowing  load  curves  were  used 
to  encompass  maximum  streambed  changes  in  terms  of  maximum  deposition 
and  scour.  The  results  indicate  that  deposition  of  up  to  2.2  feet  will 
occur  in  the  upstream  subreach  of  the  drop  structure  reach.  Deposition 
of  up  to  7.3  feet  will  occur  in  the  downstream  portion  of  the  concrete 
reach  extending  into  the  channel  ocean  reach.  A  second  simulation  using 
clear  water  inflow  at  the  improved  channel  inlet  indicated  6  to  8  feet 
of  scour  in  drop  structure  reaches.  This  worst  case  erosion  scenario 
was  used  to  estimate  toe  depths  of  lined  banks. 

A  sensitivity  analysis  was  performed  to  account  for  the 
uncertainties  involved  in  sedimentation  analysis.  The  Manning’s  "n" 
value  was  increased  to  0.03  in  all  reaches.  This  had  only  a  small 
effect  on  computed  bed  changes.  The  D^q  grain  size  of  the  bed  material 
was  increased  from  0.5  mm  to  0.75  mm  but  this  also  had  little  effect  on 
the  computed  results.  A  sand  plug  often  forms  at  the  Santa  Ana  River 
mouth  during  the  summer  months.  Analysis  shows  that  the  sand  plug  would 
wash  out  before  the  peak  of  the  design  flood.  An  antecedent  flow  of 
5,000  cfs  for  30  days  resulted  in  twice  as  much  deposition  near  the 
river  mouth  during  the  design  flood  event.  A  tidal  elevation  of 
2.54  MHHW  feet  was  used  for  the  downstream  boundary  condition  for  the 
design  event.  Variations  in  the  tidal  elevation  had  little  effect  on 
the  riverbed  near  the  ocean. 

The  incremental  probability  method  was  used  to  compute  the  average 
annual  sand  outflow  to  the  ocean  and  the  average  annual  deposition  for 
the  with  and  without  project  conditions.  The  results  indicate  that 
31,000  (with  project)  and  24,000  (without  project)  cubic  yards  of  sand 
per  year  deposited  in  the  channel  reach.  The  sand  outflow  to  the  beach 
was  36,000  (with  project)  and  25,000  (without  project)  cubic  yards  per 
year.  From  gauge  records,  it  was  estimated  that  the  sand  outflow  to  the 
ocean  is  80,000  cubic  yards  per  year.  It  was  estimated  that  the 
frequency  of  maintenance  in  the  channel  ocean  reach  would  be 
approximately  every  20  years.  No  maintenance  is  expected  in  the 
concrete  and  drop  structure  reaches. 
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Addendum  Report 


An  additional  sedimentation  analysis  was  conducted  using  the  HEC-6 
program  to  determine  channel  bed  profiles  for  the  redesigned  channel. 

The  geometric  configuration  of  the  channel  was  changed  from  a 
rectangular  to  a  trapezoidal  channel  in  the  channel  ocean  and  concrete 
channel  reach.  The  HEC-6  analysis  was  performed  using  similar  floods 
and  procedures  described  in  the  main  report. 

The  design  flood  simulation  was  computed  with  HEC-6  using  two 
different  inflowing  loads  curves  to  encompass  maximum  streambed  changes. 
The  results  for  high  sediment  inflow  indicate  general  deposition  of  up 
to  7.5  feet  will  occur  in  the  concrete  channel  reach  extending  into  the 
channel  ocean  reach.  The  second  simulation  with  zero  inflowing  load  at 
the  concrete  channel  inlet  indicates  general  scour  9  feet  below  design 
invert  in  the  channel  ocean  reach.  Results  of  scour  in  the  drop 
structure  reach  were  the  same  as  in  the  main  report. 

The  incremental  probability  method  was  applied  in  the  redesigned 
channel  reach  to  compute  average  annual  deposition  and  sand  outflow. 

The  results  indicated  deposition  in  the  concrete  and  channel  ocean  reach 
of  37,000  cubic  yards  per  year.  The  sand  outflow  was  30,000  cubic  yards 
per  year.  Based  on  the  upper  grade  limit  in  the  main  report,  the  esti¬ 
mated  frequency  of  sediment  removal  maintenance  is  once  every  18  years. 


Sedinent  Transport  Study  Results 

The  sediments  transport  results  used  for  the  hydraulic  design  in 
terms  of  the  top  of  and  toe  of  levees  were  derived  from  the  trapezoidal 
channel  analysis  (Addendum  Report)  for  the  channel  ocean  and  concrete 
channel  reaches  and  from  the  main  report  analysis  for  the  drop  structure 
reach.  The  combined  results  of  both  studies  for  project  condition  are 
summarized  as  follows: 

1.  Plates  2A  and  3A  shown  in  the  addendum  report  display  the  design 
streambed  profile  with  and  without  sedimentation,  respectively.  The 
water  surface  profile  to  determine  top  of  levee  was  computed  by  applying 
the  design  sedimentation  slopes  in  reaches  of  aggradation  and  the  design 
slope  in  the  other  reaches. 

2.  The  design  of  levee  toe  depth  for  general  scour  is: 

Minimum  Toe  Depth  Below  Reach 

Design  Invert  (ft)  Phase  II  Stationing 


8  1204+20  -  1156+60 

5  1156+60  -  535+00 

10  150+50  -  Ocean  Outlet 

3.  Plate  14  of  main  report  titled  "Upper  Sediment  Level  Sta.  8+50 
to  223+35",  displays  the  allowable  sediment  deposition.  Long  term 
average  annual  deposition  is  estimated  at  37,000  cubic  yards  per  year. 
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Frequency  of  sediment  removal  is  once  every  18  years.  No  sediment 
removal  maintenance  is  anticipated  in  the  upper  portion  of  the  concrete 
channel  and  in  the  drop  structure  reach. 

4.  Project  sand  outflow  over  project  life  is  estimated  at  30,000 
cubic  yards  per  year. 
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1 .  INTRODUCTION 


Study  Objectives 

1-01  The  hydraulic  design  of  the  proposed  Santa  Ana  River  flood  control 
channel  improvement  was  analyzed  to  ensure  that  the  channel  would 
function  properly  under  anticipated  sediment  loads  during  the  design 
flood  and  lesser  frequency  floods.  The  study  reach  extends 
approximately  31  miles  from  Prado  Dam  to  the  Pacific  Ocean,  otherwise 
referred  to  as  the  Lower  Santa  Ana  River  (LSAR) .  The  study  reach  of  the 
LSAR  under  project  conditions  was  subdivided  into  four  distinct 
reaches.  The  four  reaches  are  identified  as  the  canyon  reach,  drop 
structure  reach,  concrete  channel  reach,  and  the  soft-bottom  channel 
ocean  reach.  The  latter  three  reaches  comprise  the  proposed  channel 
improvement  approximately  23  miles  long  (referred  to  in  text  as  the 
improved  channel).  Santiago  Creek  is  the  only  significant  tributary  and 
it  enters  the  LSAR  approximately  11  miles  upstream  of  the  Pacific  Ocean. 
Specifically,  the  proposed  channel  was  analyzed  to:  (1)  identify 
reaches  of  aggradation  and  degradation;  (2)  determine  channel  design 
requirements  to  accommodate  scour /deposition  by  the  design  flood  in 
terms  of  flow  capacity  in  reaches  of  aggradation  and  invert 
stabilization  in  reaches  of  degradation;  (3)  assess  the  long  term 
deposition  for  operation  and  maintenance  requirements  of  the  channel; 
and  (4)  assess  the  long-term  sand  outflow  to  the  Pacific  Ocean. 


Scope  of  Work 

1-02  The  analysis  of  the  sediment  transport  conditions  includes  the 
following  major  tasks: 

1.  Collect  and  evaluate  available  data  including  such  items  as 
historical  channel  conditions,  stream  gauge  records,  bed 
sampling,  and  aerial  photography. 

2.  Determine  the  sediment  inflow  into  the  improved  channel  from  the 
Lower  Santa  Ana  River  tributaries  for  the  design  flood  as  well 
as  from  the  long  term  runoff  patterns. 
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3.  Analyze  the  sediment  transport  scour /deposition  in  the  proposed 
project  for  the  design  flood. 

it.  Determine  the  average  annual  sediment  deposition  in  the  project 
reach  and  sand  outflow  to  the  Pacific  Ocean. 

5.  Identify  and  design  any  required  mitigation  measures. 


Description  of  Existing  River  Conditions 

1-03  The  portion  of  the  river  considered  as  the  Lower  Santa  Ana  River 
extends  from  the  Pacific  Ocean  upstream  about  31  miles  to  Prado  Dam  (see 
pi.  1).  The  river  from  the  dam  to  about  8  miles  downstream  is  known  as 
the  Santa  Ana  River  Canyon  (referred  to  as  the  canyon  reach)  and  is  fed 
by  several  small  tributaries  from  both  sides  of  the  river.  In  the 
canyon,  the  river  is  somewhat  natural  with  reaches  of  bank  stabiliza¬ 
tion.  The  low  flow  channel  ranges  from  100  to  400  feet  wide  and  up  to 
7  feet  deep  and  will  carry  about  5,000  cfs.  Larger  floodflows  will 
flood  across  the  canyon  bottom  with  flood  widths  up  to  1,000  feet.  The 
average  invert  slope  of  the  river  is  0.003.  The  bed  material  consists 
mainly  of  medium  size  sands  with  small  aprons  of  cobble  material  forming 
armor  layers.  A  recent  trench  excavation  for  sewer  line  placement 
across  the  river  exposed  layers  of  large  material  beneath  the  surface. 
From  a  generally  meandering  flow  path  through  the  canyon  reach,  except 
near  Featherly  Park  where  the  river  is  braided,  the  river  enters  a 
relatively  straight  alignment  as  an  improved  channel.  The  improved 
channel  extends  from  just  upstream  of  Weir  Canyon  Road  southwesterly 
through  an  urbanized  reach  to  the  Pacific  Ocean  for  a  length  of 
23  miles.  In  the  improved  reach,  the  channel  is  soft-bottom  with  both 
vertical  drop  structures  and  sloping  drop  stabilizers.  The  side  slopes 
are  stone-revetted  in  the  drop  structure  reach  from  Weir  Canyon  Road  to 
the  Garden  Grove  Freeway.  There  is  a  short  subreach  where  the  side 
slopes  are  grass-lined  at  the  confluence  with  Santiago  Creek.  The  side 
slopes  are  concrete  lined  downstream  of  Santiago  Creek  to  the  Pacific 
Ocean.  The  channel  bottom  width  ranges  from  180  to  320  feet  with  depths 
up  to  18  feet.  The  invert  slope  ranges  from  0.003  to  0.001  near  the 
ocean.  The  natural  slope  along  the  channel  alignment  (without  drop 
structures)  is  about  0.0025  or  13.5  feet/mile. 

1-04  The  bed  material  consists  mainly  of  sand  sizes.  For  most  of  any 
given  year,  the  river  is  dry  except  for  very  low  flows  (100  to  150  cfs) 
that  are  diverted  for  ground  water  recharge  in  the  drop  structure  reach. 


Project  Description 

1-05  The  proposed  channel  improvement  from  the  Phase  I  General  Design 
Memorandum  begins  immediately  upstream  of  Weir  Canyon  Road  and  follows 
the  existing  alignment  to  the  Pacific  Ocean.  There  are  also  some  minor 
improvements,  consisting  of  several  reaches  of  bank  stabilization  and  a 
levee  in  the  Santa  Ana  River  Canyon  just  downstream  of  the  Southern 
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Pacific  Railroad  crossing  to  protect  a  trailer  park  community.  A 
schematic  illustration  of  proposed  channel  geometry  and  grade  is  given 
on  plate  2.  Tn  general,  the  proposed  plan  calls  for:  partial  levee  and 
bank  improvement  from  Prado  Dam  to  Weir  Canyon  Road  (canyon  reach);  a 
soft-bottom  trapezoidal  channel  from  Weir  Canyon  Road  to  Santiago  Creek 
confluence  (drop  structure  reach);  a  trapezoidal  concrete  channel  from 
about  Santiago  Creek  to  downstream  of  San  Diego  Freeway  (concrete 
channel  reach) ;  a  rectangular  soft  bottom  channel  from  about  the  San 
Diego  Freeway  downstream  from  Adams  Street,  then  transitioning  to  a 
trapezoidal  soft  bottom  channel  formed  by  two  jetties  at  the  ocean 
mouth. 


Study  Results  for  the  Phase  I  GDM  Channel  Configuration 

1-06  The  following  summary  outlines  the  sediment  transport,  results  for 
the  original  channel  configuration  shown  in  the  Phase  I  GDM. 

a.  Plate  11  titled  "Streambed  Profile  at  Peak  of  Design  Hydrograph" 
displays  the  deposition  slope  in  reaches  of  aggradation. 

b.  The  design  of  levee  toe  depth  for  general  scour  is: 


Toe  Depth  Minimum  Reach 


(feet) 

(Phase (II) 

Stationing) 

8 

1204+70 

-  1156+60 

5 

1156+60 

-  535+00 

6 

150+50 

-  Ocean  Outlet 

c.  Plate  14  titled  "Upper  Sediment  Level  Sta  8+50  to  223+35", 

(Phase  II  Stationing)  displays  the  allowable  sediment  deposition. 

Average  annual  deposition  is  estimated  at  31,000  cubic  yards  per  year. 
Frequency  of  cleanout  is  once  every  20  years.  No  maintenance  is 
expected  in  the  upper  portion  of  the  concrete  channel  and  drop  structure 
reach. 

d.  Sand  outflow  over  project  life  is  estimated  at  36,000  cubic 
yards  per  year. 

e.  Concrete  channel  is  appropriate  between  station  535+00  to 
150+50. 


f.  The  number  of  drop  structures  and  stabilizers  are  adequate. 
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2.  DATA  COLLECTION 


General 

2-01  An  extensive  data  collection  effort  was  conducted  to  obtain  exist¬ 
ing  data  relevant  to  the  evaluation  of  sediment  transport  for  the  Lower 
Santa  Ana  River.  A  summary  of  existing  data  is  presented  in  this  section. 


Aerial  Photography 

2-02  Aerial  photos  of  the  river  from  the  Pacific  Ocean  to  Prado  Dam 
were  taken  in  1982,  1974,  and  as  far  back  as  1938.  Behavior  of  the 
river  was  particularly  evident  from  the  1938  photos,  which  was 
photographed  shortly  after  the  flood  of  March  2.  The  aerial  photos 
reveal  a  meandering  tendency  in  the  confined  canyon  reach  changing 
downstream  to  a  braided  or  sheetflow  condition  in  the  flat  flood  plain 
(outside  of  the  levees). 

2-03  In  addition,  the  photos  reveal  reaches  of  significant  bank 
erosion.  These  observations  would  aid  in  the  development  of  bank 
erosion  estimates  in  the  canyon  reach. 


Geometric  Data 


EXISTING  CONDITIONS 

2-04  The  existing  Santa  Ana  River  channel  has  undergone  numerous 

channel  improvements  as  a  result  of  the  damaging  floods  of  1938,  and 

more  recently  after  the  floods  of  1969,  1978,  1980,  and  1983.  The  data 

available  for  the  study  in  the  improved  reach  consists  of  as-built 

channel  plans  and  cross-sectional  surveys.  Survey  data  was  obtained  for 

the  years  1977  to  1983.  Geometric  data  for  the  canyon  reach  was 

obtained  from  topographic  maps  (scale  1"  =  200’,  4*  contour  interval) 

prepared  by  E.L.  Pearson  and  Association  for  the  Orange  County  Flood 

Control  District  (currently  known  as  0CEMA).  Examination  of  the  data 

revealed  that  there  was  sufficient  data  to  calibrate  the  HEC-6  model  to  \ 

the  1978  flood  event.  For  verification  of  the  model,  the  verification 
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could  only  be  conducted  in  the  improved  reach  (downstream  of  Weir  Canyon 
Road)  for  the  1980  flood  event  due  to  the  absence  of  sufficient  survey 
data  and  some  man-made  changes  in  the  canyon  reach. 

2-05  Project  conditions  cross-sectional  data  were  obtained  from  the 
plan  and  profile  sheets  of  the  Phase  I  General  Design  Memoramdum  (GDM), 
for  the  reach  from  Weir  Canyon  Road  (Improved  Channel  Inlet)  to  Pacific 
Ocean.  For  the  Phase  II  GDM,  detailed  discussion  of  the  design  features 
can  be  found  in  the  Hydraulic  Design,  Volume  3.  Although  some  of  the 
Phase  II  channel  features  differ  from  those  in  the  Phase  I  GDM,  the 
differences  are  insignificant  with  respect  to  sediment  transport.  Thus, 
the  study  results  are  valid  for  the  Phase  II  Design. 


Hydrologic  Data 


HISTORICAL  FLOW  DATA 

2-06  There  are  several  locations  on  the  Lower  Santa  Ana  River  in  which 
historical  streamflow  data  is  available  since  construction  of  Prado  Dam 
in  1941.  These  gauges  are  operated  by  the  United  States  Geological 
Survey  (USGS).  Pertinent  gauge  data  are  provided  in  table  1. 


Table  1.  Stream  Gauge  Data. 


Location 

Period 
of  Record 

Peak 

Discharges 

(cfs) 

Date 

Below  Prado  Dam 

1940  to  current 

7,440 

Feb 

21, 

1980 

1930's  (intermittent) 

100,000« 

Mar 

2, 

1938 

At  Imperial  Hwy 

1973  to  1978 

4,000 

Mar 

4, 

1978 

At  Ball  Road 

1976  to  Current 

18,500 

Mar 

1, 

1983 

11,070 

Feb 

16, 

1980 

At  Fifth  St. 

1923  to  Current 

20,100 

Mar 

1, 

1983 

16,100 

Mar 

4, 

1980 

17,800 

Feb 

18, 

1978 

19,100 

Feb 

25, 

1969 

46,300* 

Mar 

3, 

1938 

•Based  on  slope-area  measurement  of  maximum 

flow. 

2-07  The  streamflow  data  from  these  gauges  were  used  to  develop  the 
hydrographs  for  the  sediment  transport  model-calibration  and 
verification  phase  of  the  study. 
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DESIGN  FLOOD  AND  FHBQDBNCI  FLOOD  DATA 

2-08  The  development  of  the  design  flood  hydrograph  and  balanced 
hydrographs  at  Imperial  Highway  with  assigned  frequencies  of  10-,  25-, 
50- ,  and  100-year  along  the  main  stem  were  generated  from  hydrologic 
study  material  that  supports  the  Phase  I  GDM.  Residual  flood 
hydrographs  for  tributaries  were  also  generated  for  the  Santa  Ana  River 
Canyon  and  Santiago  Creek.  Comparison  of  the  main  stem  design  flood 
hydrograph  from  the  Phase  I  GDM  with  the  recently  generated  main  stem 
hydrograph  under  the  revised  Upper  Santa  Ana  River  Dam  alternative 
indicates  differences  are  insignificant.  Therefore,  no  adjustment  was 
made  to  the  hydrographs.  Further  discussion  of  the  hydrologic  data  is 
presented  in  the  Hydrology  appendix,  Volume  7  of  this  report  and  from 
reference  15. 


Sediment  Deposition  and  Removal 

2-09  Previous  investigations  (ref.  15)  cite  deposition  and  removal 
quantities  for  the  lower  portion  of  Santa  Ana  River  for  the  period  since 
1969.  Sediment  removal  records  prior  to  1969  are  not  available; 
however,  according  to  Orange  County  Environmental  Management  Agency 
(OCEMA),  sediment  deposition  between  the  time  the  channel  was  built 
after  1938  to  1969  was  probably  insignificant  due  to  the  lack  of  major 
flows.  An  estimate  of  total  sediment  removal  using  information  from 
OCEMA,  indicates  about  2.7  million  cubic  yards  (yd’)  removed  between 
1969  and  1983.  Of  that  amount,  about  500,000,  650,000,  and  200,000  yd’ 
were  removed  after  the  1969,  1980,  and  1983  flood  seasons,  respectively. 
Using  the  48-year  period  from  1938  to  1986  would  indicate  an  average 
annual  removal  of  about  55,000  yds’. 

2-10  Estimates  of  sediment  deposition  during  the  1969  flood  season  vary 
between  500,000  and  1  million  yd’.  During  the  1983  flood,  about  200,000 
yd’  of  sediment  were  deposited.  Both  the  1969  and  1983  floods  produced 
a  depositional  grade  line  of  S  =  0.0011  downstream  of  Slater  Avenue 
bridge.  No  estimates  were  available  for  the  1978  or  1980  flood  seasons. 


Bed  Material  Gradation 

2-11  Bed  material  samples  were  collected  and  analyzed  at  numerous 
locations  from  Prado  Dam  to  the  Pacific  Ocean.  The  location  of  the 
samples  are  noted  on  plate  1,  and  the  resulting  sieve  analysis  of  each 
sample  are  on  file  in  the  Los  Angeles  District.  Riverbed  samples  were 
collected  using  a  shovel  and  hand  augar  to  a  maximum  depth  of  2  feet 
below  the  surface.  In  the  canyon  reach,  samples  were  taken  from  both 
the  bed  and  bank  of  the  low  flow  channel  and  from  the  bed  of  primary 
tributaries  just  upstream  from  the  main  stem.  Occasional  patches  of 
surface  armor  layer,  consisting  of  cobble  sizes,  were  encountered  on  the 
bed.  These  materials  were  not  included  in  the  sampling  since  they  are 
not  representative  of  the  underlying  bed  material  nor  the  general 
surface  conditions.  In  the  improved  channel  reach  from  Weir  Canyon  Road 
to  the  Pacific  Ocean  the  bed  materials  appear  to  be  similar,  except  for 
a  clay  lense  outcrop  near  Slater  Avenue. 
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2-12  The  results  of  the  sieve  analysis  indicate  that  the  bed,  bank,  and 
tributary  materials  in  the  canyon  reach  consist  of  less  than  5  percent 
fines,  60  to  90  percent  sands,  and  up  to  40  percent  gravels  or  larger. 
The  bed  materials  for  the  improved  channel  reach  indicate  no  fines, 
except  for  the  clay  outcrop  near  Slater  Avenue  where  about  30  percent  of 
the  materials  are  fines.  Bed  materials  typically  consist  of  90  to 
100  percent  sands,  with  up  to  10  percent  gravels. 

2-13  The  bed  material  gradation  for  Santiago  Creek  was  obtained  from  a 
previous  study  (ref.  15).  The  bed  material  gradations  for  Santiago 
Creek  were  defined  by  distinct  layering  beneath  the  surface.  A 
composite  average  of  bed  materials  in  Santiago  Creek  indicate  about 
25  percent  fines,  about  ^40  percent  sands,  and  35  percent  gravels. 

2-14  The  grain  size  distribution  for  the  canyon  reach  as  represented  in 
the  HEC-6  model  for  various  points  along  the  canyon  reach,  was  based  on 
the  nearest  sample  rather  than  the  averaging  of  all  of  the  samples.  The 
model  analysis  was  established  in  this  manner  to  account  for  the  large 
materials  entering  into  the  main  stem  from  the  tributaries. 

2-15  In  the  improved  channel  reach,  a  representative  grain  size 
distribution  was  developed  by  overlaying  the  gradation  curves  and 
graphically  compiling  a  single  representative  gradation  curve  (see 
pi.  3).  The  method  was  used  to  achieve  a  stable  solution  in  the  HEC-6 
model  and  to  avoid  anomalies  in  sampling.  The  clay  lense  at  Slater 
Avenue  was  not  modeled  because  the  improved  channel  would  cover  this 
reach  with  concrete.  Clay  material  would  therefore  not  enter  into 
sediment  transport  calculations. 


Sediment  Data 

2— 1 6  The  sediment  data  required  for  development  of  sediment  transport 
relationships  is  available  from  the  same  gauging  stations  used  to 
establish  hydrologic  data  (see  table  1).  The  period  of  record  for 
sediment  data  is  not  as  extensive  as  that  for  the  water  data,  but  data 
is  available  from  recent  floods  of  1978  and  1980.  Sediment  data  from 
the  gauging  stations  was  obtained  from  USGS  published  records  (ref.  5) 
and  from  USGS  in-house  unpublished  data.  The  data  consisted  of 
suspended-sediment  measurements  (measured  load)  along  with  the 
corresponding  water  discharge,  water  temperature,  and  particle  size 
distribution.  Additionally,  the  unmeasured  load  for  a  few  events  was 
estimated  by  the  USGS  using  the  Modified  Einstein  procedure  to  obtain 
the  total  instantaneous  load.  The  sediment  data  were  collected  for 
water  discharges  ranging  up  to  7,000  cfs  below  Prado,  2,000  cfs  at 
Imperial  Hwy,  14,000  cfs  at  Ball  Road,  and  6,000  cfs  at  the  Fifth  Street 
gauge.  The  data  from  gauges  below  Prado  Dam  and  at  Ball  Road  was  judged 
adequate  to  develop  rating  curves  of  water  discharges  versus  sediment 
discharge.  The  data  at  Imperial  Highway  and  Fifth  Street  was  inadequate 
because  of  bed  scouring  at  Fifth  Street  gauge  during  measurements 
invalidating  the  data  and  because  the  low  water  discharges  at  Imperial 
were  useless  for  establishing  the  high  flow  portion  of  the  rating  curve. 
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3.  PRELIMINARY  ANALYSIS 


General 

3-01  The  preliminary  analysis  was  subdivided  into  two  separate 
analyses:  (1)  a  qualitative  aggradation-degradation  assessement  of  the 
river  to  assess  the  response  to  conditions  imposed  by  the  improved 
channel  and  (2)  a  quantitative  analysis  to  determine  equilibrium  and 
limiting  bed  slopes.  The  preliminary  analysis  evaluates  riverbed 
changes  in  the  proposed  river  system.  The  results  of  the  preliminary 
analysis  are  used  subsequently  to  verify  trends  in  the  HEC-6  detailed 
sediment  routing  analysis. 


Qualitative  Aggradation  Degradation  Analysis 

3-02  Trends  of  aggradation  and  degradation  were  qualitatively 
identified  in  the  improved  channel  reach  by  applying  Lane's  relationship 
of  dynamic  equilibrium.  The  Lane  relationship  (ref.  1)  can  be  written 

^s  D50  q  S 


where : 


q3  =  The  sediment  discharge  per  unit  width  of  the  channel 
D50  =  Median  sediment  size 

q  =  Water  discharge  per  unit  width 
S  =  Slope  of  the  channel 

3-03  In  this  relationship,  the  qualitative  response  of  the  riverbed  can 
be  evaluated  for  a  given  reach  by  comparing  parameters  with  those  for 
the  reach  immediately  upstream.  An  increase  in  either  water  discharge 
or  slope  will  result  in  an  increase  in  the  sediment  transport  capacity, 
assuming  the  median  sediment  size  is  constant.  When  sediment  transport 
rate  increases,  degradation  will  occur  and  the  bed  slope  will  flatten. 
Conversely,  a  decrease  in  water  discharge  or  slope  will  result  in  a 
decrease  of  the  sediment  transport  capacity;  deposition  will  occur  and 
the  bed  slope  will  steepen.  By  comparing  average  values  of  unit  water 
discharge  (varying  with  channel  width)  and  bed  slope  in  representative 
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reaches  of  the  improved  channel  with  the  representative  width  and  slope 
of  the  supply  (canyon)  reach,  the  change  in  bed  slope  to  maintain 
equilibrium  can  be  qualitatively  assessed.  The  supply  reach  (canyon) 
above  the  upper  end  of  the  improved  channel  is  assumed  in  equilibrium. 

The  improved  channel  reach  was  subdivided  into  five  subreaches  with  the 
results  shown  in  table  2.  The  overall  response  of  the  project  indicates 
that  the  upper  drop  structure  reach  (subreaches  2  and  3)  will  be  in  an 
aggrading  mode;  reach  4,  just  upstream  of  the  concrete  reach,  will  be  in 
a  fairly  stable  mode;  the  concrete  reach  (reach  5)  will  be  in  a  degrading 
mode,  and  the  downstream  reach  (reach  6)  will  be  in  an  aggrading  mode. 


Table  2.  Evaluation  of  Qualitative  Response  Lower 
Santa  Ana  River  Project  Channel. 


CHANNEL  RESPONSE* 

(CONFIGURATION) 

Average 


Channel 

Due 

STATION 

Bottom 

Side 

To 

Due 

SUBREACH 

From  To 

Invert 

Width 

Slope 

Pro¬ 

To 

(Location) 

(phase  I) 

Slope 

(ft) 

H:V 

file 

Width  Overall 

1 

Natural 

0.003  200  Ll/ 

N/D 

N/D 

N/D 

(Canyon  reach) 

500  H 

2 

1196+70  1023+60 

0.0016-  290  L 

2:1 

+ 

0 

+ 

(Drop  Structure  Reach) 

0.0017  290  H 

+ 

- 

+ 

3 

1023+60  708+90 

0.0017-  320 

2:1 

0 

+ 

+ 

(Drop  Structure  Reach) 

0.0022 

4 

708+90  528+00 

0.00166-  270 

2:1 

0 

0 

0 

(Drop  Structure  Reach) 

0.0025 

5 

528+00  192+45 

0.0017-  240 

Vert 

0 

(Concrete  Channel  Reach) 

0.002  250 

6 

192+45  Pacific  Ocean 

0.0008  200 

Vert 

+ 

+ 

+ 

(Channel  Ocean  Reach) 

480 

•TREND  DEFINITIONS: 

+  Corresponds  to  increase  in  slope,  or  aggradation. 
-  Corresponds  to  decrease  in  slope,  or  degradation. 
0  Corresponds  to  no  change  in  slope. 

V  L  =  low  flows 
H  =  high  flows 
N/D  Not  determined 
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3-04  The  response  of  the  bed  slope  to  improved  channel  conditions  can 
also  be  qualitatively  predicted  by  examining  historical  bed  trends  since 
the  two  conditions  generally  conform  to  each  other.  Based  on  channel 
surveys  and  field  observations  of  the  1980  flood,  long  duration  flows  on 
the  order  of  5,000  cfs  tend  to  produce  minimal  bed  changes  in  the 
upstream  drop  structure  reach,  significant  degradation  in  the  soft 
bottom  reach  downstream  of  Santiago  Creek,  and  aggradation  near  the 
outlet  to  the  ocean.  Under  improved  channel  conditions,  the  channel 
reach  subject  to  severe  degradation  will  be  lined  with  concrete.  The 
bed  response  in  the  other  soft  bottom  reaches  should  be  similar  to  that 
experienced  in  1980  existing  channel  conditions. 


Quantitative  Analysis 

3-05  The  quantitative  analysis  consists  of  (1)  determining  the 
aggradation/degradation  response  of  the  channel  bed  using  the  concept  of 
equilibrium  bed  slopes  and  (2)  determining  the  limit  of  general 
degradation  (stable  slope)  for  reduced  inflowing  sediment  loads.  The 
following  sections  discuss  the  methodology  and  results  of  the 
quantitative  analysis. 

EQUILIBRIUM  BED  SLOPES 

3-06  The  concept  of  equilibrium  bed  slopes  was  applied  to  further 
identify  trends  of  aggradation  and  degradation  and  to  estimate  the  bed 
slope  that  the  river  would  seek  under  project  conditions.  The 
equilibrium  slope  is  that  bed  slope  for  which  the  capacity  of  the  stream 
to  transport  sediment  is  just  equal  to  the  sediment  supply  flowing  into 
a  given  reach.  If  the  slope  of  the  streambed  is  greater  than  the 
equilibrium  slope,  the  bed  will  tend  to  degrade;  conversely,  if  the  bed 
slope  is  less  than  the  equilibrium  slope,  the  bed  will  tend  to  aggrade. 

3-07  Equilibrium  slopes  were  estimated  for  a  range  of  discharges  for 
improved  channel  conditions.  Yang's  Unit  Stream  Power  equation  was  used 
to  compute  sediment  transport  capacity  at  representative  sections  in  the 
project.  The  use  of  Yang's  equation  is  explained  in  paragraphs  5-08 
through  5-10.  For  each  value  of  sediment  supply  and  water  discharge, 
the  equilibrium  slope  was  calculated  using  a  trial  procedure  by  which 
the  bed  slope  was  varied  until  the  transport  capacity  was  equal  to  the 
sediment  supply.  The  inflowing  load  was  based  on  the  sediment  discharge 
rating  curve  developed  at  the  Ball  Road  gauge  from  observed  data, 
translated  upstream  to  the  improved  channel  inlet.  Translating  the 
rating  curve  upstream  3  miles  was  judged  acceptable  since  the  bed  change 
was  stable  during  the  period  of  measurement. 

3-08  The  results  of  the  analysis,  summarized  in  table  3,  generally 
agrees  with  the  qualitative  analysis.  The  results  indicate  that  the 
equilibrium  slopes  are  sensitive  to  the  water  discharge  and 
corresponding  sediment  inflow.  This  can  be  seen  from  the  opposing 
trends  of  degradation  and  aggradation  for  the  low  and  high  flow 
conditions  in  reaches  2  and  5. 
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Table  3.  Equilibrium  Slopes  Santa  Ana  River  Project  Channel. 


REACH 

STATION  Q 

From  To  (xIOOO  cfs) 

DESIGN 

INVERT 

SLOPE 

EQUILIBRIUM 

SLOPE 

TREND* 

1 

Upstream  of 

_ 

1196+70 

2 

1196+70  1023+60 

5 

0.0017 

0.0014 

15 

0.0017 

0.0018 

0 

30 

0.0017 

0.0021 

+ 

0.0017 

3 

1023+60  708+90 

5 

0.0022 

0.0030 

15 

0.0022 

0.0039 

+ 

30 

0.0022 

0.0049 

+ 

4 

708+90  528+00 

5 

0.0025 

0.0022 

0 

15 

0.0025 

0.0026 

+ 

30 

0.0025 

0.0030 

+ 

5 

528+00  192+45 

5 

0.0020 

0.0016 

15 

0.0020 

0.0020 

0 

30 

0.0020 

0.0023 

+ 

6 

192+45  Pacific 

5 

0.0008 

0.0029 

+ 

Ocean 

15 

0.0008 

0.0035 

+ 

30 

0.0008 

0.0042 

+ 

•TREND:  +  aggradation, 

-  degradation,  0  no 

change 

LIMITING  DEGRADATION  SLOPES 

3-09  A  bracketing  approach  to  establish  the  lower  limit  of  bed  slope 
due  to  degradation  was  investigated  for  the  case  of  reduced  sediment 
supply  from  the  canyon  reach  into  the  improved  channel  reach.  The 
reduced  supply  reflects  the  possible  condition  that  the  canyon  will  be 
depleted  of  sediment  during  large  flood  events  of  long  duration.  As  a 
result,  the  bed  response  expected  in  the  improved  channel  reach  would  be 
general  degradation.  The  depth  of  general  degradation  upstream  of 
invert  control  locations  such  as  drop  structures  and  stabilizers  can  be 
quantified  through  the  bed  armor  and  stable  slope  concepts.  Analysis 
revealed  that  degradation  was  not  controlled  by  armoring,  but  rather  by 
stable  slope  conditions.  The  following  sections  present  the 
methodologies  and  results  for  both  concepts. 
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Bed  Armoring 

3-10  The  type  of  sediment  forming  the  bed  may  limit  the  vertical 
degradation  by  development  of  an  armor  layer.  The  armor  process  is 
generally  defined  as  the  condition  whereby  there  is  sufficient 
quantities  of  coarse  materials  which  cannot  be  transported  by  normal 
river  discharges.  As  the  degradation  progresses,  coarse  size  materials 
segregate  from  fine  materials  during  transport.  The  armor  layer 
develops  as  the  fine  materials  are  sorted  and  moved  downstream  while  the 
coarse  materials  settle  down  into  the  bedsurface  and  accumulate. 
Eventually,  enough  coarse  materials  accumulate  to  form  an  armor  layer 
over  the  entire  bed  surface.  The  underlying  materials  are  trapped  and 
vertical  degradation  is  arrested.  The  bed  slopes  are  computed  by 
applying  the  depth  of  degradation  upstream  of  invert  control  locations. 

3-11  The  methods  used  to  determine  the  armor  size,  as  summarized  by  the 
Bureau  of  Reclamation  (ref.  16)  and  repeated  herein,  are: 

1.  Meyer-Peter,  Muller  (bed load  transport  equation) 

2.  Competent  bottom  velocity 

3.  Lane's  tractive  force  theory 
l».  Shields  diagram 

5.  Yang  incipient  motion 

It  should  be  noted  that  several  of  the  equations  apply  correction 
factors  to  account  for  mixing  of  units. 

Meyer-Peter,  Muller  (Bedload  Transport  Equation) 

3-12  Bed load  transport  equations  provide  a  method  to  compute  a 
nontransportable  particle  size  representing  coarse  bed  material  capable 
of  forming  an  armoring  layer.  To  describe  a  nontransportable  size,  the 
Meyer-Peter,  Muller  bedload  equation  for  beginning  transport  of 
individual  particle  sizes  was  applied. 


where : 

Dc  =  Individual  particle  size  in  millimeters 
K  =  0.19  inch-pound  units 

d  =  Mean  water  depth  at  dominant  discharge,  ft 
S  =  Slope  of  energy  gradient,  ft/ft 
ns  =  Manning's  "n"  for  bed  of  stream 
DgQ  =  Particle  size  in  millimeter  at  which  90  percent  of  bed 
material  by  weight  is  finer. 
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Competent  Bottom  Telocity 


3-13  The  competent  bottom  velocity  method  for  determining  armoring  size 
is  computed  from  a  relationship  between  mean  channel  velocity  with 
armoring  size  by  the  equation: 


where : 


1.88  vJ 

m 


Dc  =  Armor  size,  mm 

Vm  =  Mean  channel  velocity,  ft/s 


Lane's  Tractive  Force 


3-14  The  tractive  force  method  relates  the  critical  tractive  force 
versus  the  mean  particle  size  diameter  in  millimeters,  which  is 
reproduced  in  figure  1.  This  method  entails  computing  the  critical 
tractive  force  using  the  channel  hydraulics  for  dominant  discharge.  By 
selecting  an  appropriate  curve  from  figure  1,  usually  the  recommended 
set  of  "curves  for  canals  with  clear  water  in  coarse  noncohesive 
material,"  a  critical  tractive  force  can  be  obtained  which  gives  the 
lower  size  limit  of  the  nontransportable  material  D0. 


Tc  =jfMdS 


where : 

Tc  =  Critical  tractive  force,  lb/ft2 

=  Specific  weight)  (mass)  of  water,  62.4  lb/ft^ 
d  =  Mean  water  depth,  ft 
S  =  Slope,  ft /ft 


Shields  Diagram 

3-15  Many  investigators  use  the  Shields  diagram  figure  2,  to  define  the 
initiation  of  motion  for  various  particle  sizes.  In  the  process  of 
armoring  of  a  streambed  for  predominantly  gravel  size  material  greater 
than  1.0  mm  and  high  Reynold's  number  R»  greater  than  500,  the  Shields 
parameter  given  below  provides  a  method  for  determining  an  armor  size. 

T,  =  - Ic -  =  0.06 

^  ^s  ~  ^w^c 

where : 

T*  r  Dimensionless  shear  stress 

Tq  =  Critical  shear  stress  =  MdS,  lb/ft2 

ijs  =  Specific  weight  (mass)  of  the  particle,  1 65  1b/ft^ 

(fw  =  Specific  weight  (mass)  of  water,  62.4  1bs/ft’ 

Dq  =  Diameter  of  particle,  ft 
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lino 


Figure  1.  Tractive  Force  vs.  Tranportable  Sediment  Size 
(reprinted  from  ref.  16). 
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l«0 


Figure  2.  Shields  diagram  for  initiation  of  bed  material  movement  (reprinted  from  ref.  16). 


Inch-pound  units 


„  =  62. 4  lb/ft3 
"  =  165  lb/ft* 

3  =  Depth,  ft 
S  =  Slope,  ft/ft 
Dc  =  Size,  ft 


Tang  Incipient  Motion 


3-16  Yang  relates  the  dimensionless  critical  velocity,  Vcr/,w,  and  shear 
velocity  Reynold's  number,  R*,  at  incipient  motion.  Under  rough  regime 
conditions  where  R#  is  greater  than  70,  the  equation  for  incipient 
motion  is: 


Vcr  _  2.05 
w 


The  settling  velocity  for  material  larger  than  2  mm  in  diameter  will 
approximate  the  fall  velocity  by: 


w  =  6.01  Dc1/2 


These  equations  can  be  combined  to  give: 


Dc  =  0.00659  Vcr2 


where : 


Vcr  =  Critical  average  water  velocity  at  incipient  motion,  ft/s 
w  =  Terminal  fall  velocity,  ft/s 
Dc  =  Size,  ft 

3-17  The  above  equations  were  applied  using  hydraulic  computations  for 
design  discharges  in  the  drop  structure  reach.  Table  4  summarizes  the 
results  of  the  computations.  The  results  indicate  that  degradation 
would  not  be  limited  by  armoring  because  the  minimum  armor  particle  size 
(10  mm)  is  not  available  in  sufficient  quantities  in  the  bed  material, 
since  the  of  the  bed  material  is  2  mm.  The  method  of  stable  slope 
was  then  applied  to  determine  the  limiting  degradation  slope. 
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Table  4.  Bed  Armor  Size. 


Method 

Particle  Size  (mm) 

1. 

Meyer-Peter  Muller 

10 

2. 

Competent  bottom  velocity 

65 

3. 

Lane's  tractive  force  theory 

23 

4. 

Shield's  diagram 

20 

5. 

Yang  incipient  motion 

70 

Stable  Slope 

3-18  In  cases  where  the  general  degradation  is  not  limited  by  the 
armoring  process,  the  concept  of  stable  slope  can  be  applied.  The 
stable  slope  method  for  computing  degradation  is  based  on  degradation 
processes  occurring  until  a  slope  is  reached  which  results  in  negligible 
bed load  transport.  The  stable  slope  is  determined  by  applying  several 
relationship  for  bed  movement  (ref.  16). 

1.  Schoklitsch  bed load  equation. 

2.  Meyer-Peter,  Muller  bedload  equation. 

3.  Shields  diagram  for  no  motion. 

4.  Lane's  relationship  for  critical  tractive  force. 

The  methods  are  described  as  follows: 


Schoklitsch  Method 


3-19  The  Schoklitsch  equation  for  zero  bedload  transport  is  expressed 
as  follows: 


S,  ,  K  (21)  3/11 
L  Q 

where : 

S,  =  Stable  slope,  ft/ft 
K  =  0.00174  inch-pound  units 
D  =  Mean  particle  size,  mm 
B  =  Channel  width,  ft 
Q  =  Dominant  discharge,  ft^/s 
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Shields  D lag raw  Method 

3-21  The  use  of  Shields  diagram  for  computing  a  stable  3lope  involves 
the  relationship  of  the  boundary  Reynold's  number  R*  varying  with  the 
dimensionless  shear  stress  T*  3hown  in  figure  5  as  follows: 

U*  D 

R«  =  - 

xr 

where : 


R* 

U, 

% 

g 

D 

V 


and 

Tt  =  - 12 _  (16) 

(t  3  -  5  w)  D 


=  Boundary  Reynold's  number 
=  Shear  velocity  S^R_,  ft/s 
=  Slope,  ft /ft 

=  Hydraulic  radius  or  mean  depth  for  wide  channels 
=  Acceleration  due  to  gravity,  32.2  ft/s2 
=  Particle  diameter,  ft 

=  Kinematic  viscosity  of  water  varying  with  temperature,  ft  Vs 
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where : 


T,  =  Dimensionless  shear  stress 
c  =  Critical  shear  stress  lb/ft2  equal  to  dSL 
ts  =  Specific  weight  (mass)  of  particles,  165.4  lb/ft3 
(2.65  t/m3) 

Jfw  =  Specific  weight  (mass),  62.4  lb/ft3 
d  =  Mean  depth,  ft 
SL  =  Slope,  ft /ft 
D  =  Particle  diameter,  ft 


Lane's  Tractive  Force  Method 

3-22  Critical  tractive  force  is  defined  as  the  drag  or  shear  acting  on 
the  wetted  area  of  the  channel  bed  and  is  expressed  as: 

Tc  =  rwdSL  (17) 

rewriting  in  terms  of  SL 

SL  =Tc/  6  wd  (18) 


where : 

To  =  Critical  tractive  force,  lb/ft2  (may  be  read  from  the 

curve  in  figure  1.  Enter  the  abscissa  scale  with  the  D5Q 
or  Dffl  in  millimeters  and  read  the  critical  tractive  force 
value  from  the  curves  for  canals  with  clear  water) . 

Ifw  =  Specific  weight  (mass)  of  water,  lb/ft3 
d  =  Mean  water  depth  for  dominant  discharge,  ft 

3-25  Generally,  the  method  of  stable  slope  would  be  applied  to  the 
dominant  discharge.  However,  to  determine  the  maximum  potential  for 
degradation,  the  method  was  applied  using  hydraulic  computations  for  the 
design  discharge.  Table  5  summarizes  the  results  of  the  computations. 


Table  5.  Stable  Slope. 


Method 

Slope 

(1) 

Schoklitsch 

0.000029 

(2) 

Meyer-Peter,  Muller 

0.000029 

(3) 

Shield 

0.0000073 

(4) 

Lane 

0.000004 

3-26  By  applying  the  mildest  of  these  slopes  to  reaches  upstream  of 
invert  control  points,  it  was  found  that  general  degradation  would  be  no 
greater  than  5  feet  below  the  design  invert. 


19 


4.  SEDIMENT  INFLOW 


General 

4-01  Sediment  inflow  into  the  improved  channel  reach  was  estimated  for 
the  design  flood  and  on  an  average  annual  basis.  The  objective  was  to 
determine  the  bed  response  and  annual  maintenance  in  the  improved 
channel  reach.  The  sources  of  sediment  are  from  the  Santa  Ana  River 
Canyon  and  from  Santiago  Creek.  Other  tributaries  in  the  main  project 
reach  drain  urbanized  area  and  therefore  contribute  Clearwater  flow  as  a 
result.  Design  flood  and  long-term  sediment  inflow  from  the  canyon 
reach  was  estimated  with  methodologies  described  in  subsequent  sections. 

4-02  Santiago  Creek  sediment  inflow  was  developed  using  the  Yang  Unit 
Stream  Power  sediment  transport  equation.  The  total  sediment  inflow 
into  the  improved  channel  reach  consisted  of  the  supply  from  the  canyon 
reach  at  Weir  Canyon  Road  and  the  supply  from  Santiago  Creek  at  the 
confluence  with  the  Santa  Ana  River.  The  two  sediment  inflow  points 
were  applied  in  the  HEC-6  detailed  routing  analysis  for  the  design  flood 
to  determine  the  bed  response  in  the  improved  channel  reach.  For  the 
long  term  sediment  inflow,  only  the  canyon  was  considered  as  the 
sediment  contributor  in  the  HEC-6  analysis  since  low  flows  under  long 
term  conditions  in  Santiago  Creek  will  not  contribute  a  significant 
quantity  of  sediment. 


Design  Flood 


GENERAL 

4-03  The  quantification  of  the  sediment  supply  for  the  design  flood 
involves  considering  the  sources  of  sediment  from  the  Santa  Ana  River 
canyon  and  Santiago  Creek.  In  the  canyon  reach,  the  analysis  addresses 
sediment  contributions  from  the  riverbed,  the  banks,  the  tributaries 
entering  into  the  canyon,  and  the  outflow  from  Prado  Dam.  To  account 
for  the  net  effect  of  these  sources,  a  rating  curve  of  water  discharge 
versus  sediment  discharge  was  developed  at  the  downstream  end  of  the 
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canyon  using  two  methods.  First,  a  sediment  discharge  rating  curve  was 
established  based  on  actual  sediment  load  measurements  from  stream 
gauges  located  at  Ball  Road  and  downstream  of  Prado  Dam.  Second,  the 
Corps  of  Engineers'  HEC-6  sediment  computer  program  was  utilized  to 
route  sediment  in  the  canyon  reach  during  the  design  flood  including 
sediment  contributions  from  both  tributaries  and  bank  erosion.  A 
comparison  of  the  two  sediment  discharge  rating  curves  revealed  that  the 
curves  were  fairly  close.  As  a  result,  the  rating  curve  developed  from 
the  HEC-6  canyon  analysis  was  selected  for  the  design  flood  analysis 
into  the  improved  channel  reach.  The  HEC-6  rating  curve  was  considered 
to  be  the  maximum  sediment  load  available  into  the  improved  channel 
reach  during  the  design  flood  event.  The  analysis  and  results  of  both 
methods  are  presented  in  the  subsequent  paragraphs. 

STREAM  GAUGE  HATER  SEDIMENT  DISCHARGE  RATING  CURVES 

4-04  As  discussed  previously  in  paragraph  2-07,  there  is  sufficient 
data  to  establish  water-sediment  rating  curves  for  the  stream  gauges 
located  below  Prado  Dam  and  at  Ball  Road.  To  account  for  the  total  sand 
discharge,  the  suspended  load  measurements  were  adjusted  to  exclude  the 
wash  load  (i.e.,  material  finer  than  0.062  mm)  and  to  include  the 
unmeasured  load  (bed  load).  The  unmeasured  load  was  estimated  by  the 
Modified  Einstein  Procedure  or  the  Colby  Method  (ref.  4).  The  Colby 
Method  was  used  where  the  USGS  did  not  estimate  the  unmeasured  load  with 
the  Modified  Einstein  Procedure.  The  water  sediment  discharge  ratings 
were  developed  in  the  following  form: 

Qs  =  aQub 

where  Qs  is  the  sediment  transport  load  in  tons  per  day,  Qw  water 
discharge  in  cfs,  and  a  and  b  are  the  best-fit  coefficient  and  exponent 
from  regression  analysis  of  water  sediment  discharge  data. 

The  resulting  relationships  are: 

Q_  =  0.003  Q,./*4^  below  Prado  Dam 

s  w 

CL  =  0.181  qJ’564  at  Ball  Road 
s  w 


4-06  These  relationships  were  based  on  flow  measurements  up  to 
7,000  cfs  below  Prado  Dam  and  14,000  cfs  at  Ball  Road.  To  account  for 
the  sediment  discharge  at  the  design  discharge,  straight-lined 
extrapolation  of  these  relationships  on  a  log-log  scale  was  considered 
to  be  reasonable  and  was  used  to  give  insight  on  the  potential  for 
sediment  inflow.  The  translation  of  the  Ball  Road  rating  curve  to  the 
project  inlet  was  judged  applicable  since  the  channel  between  these 
locations  has  remained  fairly  stable  during  the  period  of  record.  It 
should  be  noted  that  data  from  the  Fifth  Street  gauge  was  unreliable  due 
to  the  invalidation  of  the  rating  curve  as  a  result  of  scouring  of  the 
bed  during  the  1980  flood  event. 
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HEC-6  carton  analysis 


4-06  Sediment  transport  in  the  Santa  Ana  River  Canyon  was  simulated 
using  the  HEC-6  sediment  program  for  the  design  flood  event.  The  HEC-6 
analysis  included  the  additional  sources  of  sediment  from  tributaries 
and  from  bank  erosion.  Tatum’s  method  was  applied  to  estimate  tributary 
sediment  inflow  and  aerial  photos  along  with  topographic  maps  were  used 
to  identify  areas  of  potential  bank  erosion.  The  HEC-6  method  was  of 
significant  value  since  it  provided  a  reasonable  estimate  of  the  maximum 
potential  for  sediment  inflow  from  the  canyon  reach  for  flows  in  excess 
of  actual  measured  flows,  that  is,  for  flows  from  14,000  cfs  to  the 
design  pease  of  38,000  cfs.  The  resulting  outflow  of  sediment  from  the 
canyon  reach  represents  the  net  effect  from  all  possible  sources  of 
materials.  The  results  of  the  HEC-6  analysis  were  translated  into 
water-sediment  discharge  rating  curves  (see  pi.  6)  to  be  used  for  input 
data  in  the  HEC-6  analysis  for  the  proposed  downstream  project  (improved 
channel  reach).  The  rating  curves  represents  the  relationship  between 
water  and  the  bed-material  load.  It  was  assumed  that  the  wash  load,  as 
defined  previously,  would  be  transported  throughout  the  improved  channel 
without  deposition.  The  rating  curves  presented  on  plate  6  are  the 
sediment  load  discharges  during  the  rising  side  and  the  recession  side 
of  the  design  flood  hydrograph.  The  difference  in  the  rating  curves 
reflects  the  depletion  of  available  sediment  into  the  project.  The 
analysis  and  the  results  of  the  application  of  Tatum's  method  and  the 
bank  erosion  are  presented  in  the  subsequent  paragraphs. 

Tatum's  Method 

4-07  Tatum's  method  (ref.  23),  was  applied  to  the  Santa  Ana  River 
Canyon  watershed  to  estimate  the  sediment  volume  that  could  occur  during 
design  flood  event.  The  use  of  Tatum's  method  was  deemed  applicable 
because  it  would  be  applied  to  tributary  watersheds  similar  to 
watersheds  in  Los  Angeles  County  from  which  the  data  was  drawn.  The 
factors  that  influence  debris  production  are: 

1.  Drainage  area 

2.  Average  slope  of  the  longest  water  course  from  the  uppermost 
representative  elevation  to  the  downstream  concentration  point. 

3.  Drainage  density  or  ratio  of  total  stream  length. 

4.  Hypsometric  index  or  relative  elevation  at  which  the  drainage 
area  is  divided  into  two  equal  parts. 

5.  Three-hour  rainfall. 

6.  Burn  effect. 

4-08  Thi3  method  involves  estimation  of  the  total  debris  production  for 
a  one  square  mile  area  and  adjustment  of  that  value  to  account  for  the 
above  six  factors.  Factors  relating  to  the  topography  of  the  study 
watershed  were  obtained  from  USGS  Quadrangle  maps.  Plats  4  defines  the 
tributary  boundaries.  The  3-hour  rainfall  values  were  used  for  the 
3-hour  SPF  local  thunderstorm,  which  represents  a  worse  case  scenario 
for  sediment  inflow  into  the  main  stem.  Table  6  lists  the  tributaries 
and  the  results  of  the  Tatum  calculations.  The  debris  productions  rates 
shown  represent  ground  conditions  4  to  5  years  after  100  percent  burn. 
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The  rates  were  judged  reasonable  for  use  as  tributary  sediment  inflow 
during  the  design  flood.  The  tributary  sediment  was  input  into  the 
program  during  the  rising  side  of  the  design  hydrograph  and  consisted  of 
sand  sizes. 

Santa  Ana  River  Canyon  Bank  Erosion 

4-09  A  one -dimensional  program  such  as  HEC-6  for  sediment  transport 
modeling  is  limited  to  estimating  the  vertical  aggradation/degradation 
trends  in  a  river.  The  lateral  component  of  bank  erosion  cannot  be 
calculated  in  most  sediment  transport  programs  due  to  problems 
associated  with  the  prediction  of  bank  erosion.  Thus,  in  order  to 
account  for  the  sediment  contribution  from  bank  erosion  from  the  low 
flow  bank  line  to  the  edge  of  bank  stabilization  or  canyon  sides,  an 
estimate  of  the  gross  volume  of  eroded  sediment  was  made.  This  data  was 
then  input  into  the  program  as  a  constant  rate  of  sediment  inflow 
consisting  of  sand  sizes  for  the  entire  period  of  the  design  flood 
hydrograph. 
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Table  6.  Results  of  Tatum  Calculations  for  Tributary  Sediment  Inflow 


Tributary 

Drainage 

Area 

(mi?) 

Debris 
Production 
(yd3)  x  1000 

A. 

Blue  Mud 

4.44 

219 

B. 

ft 

0.60 

46 

C. 

Box  Cyn 

0.65 

65 

D. 

Bee  Cyn 

1.32 

89 

E. 

ft 

0.56 

55 

F. 

Brush  Cyn 

1.52 

82 

G. 

Aliso 

10.1)7 

291 

H. 

ft 

0.73 

56 

I. 

Walnut 

2.36 

95 

J. 

* 

0.52 

46 

K. 

• 

1.12 

60 

L. 

Weir 

2.00 

35 

M. 

Gypsum 

5.17 

204 

N. 

Coal 

2,03 

265 

0. 

ft 

0.65 

122 

P. 

Fresno 

.170 

189 

Q. 

Ward low  Wash 

5.71 

83 

Total 

41.55 

2,002,000  yd3 

•Unnamed  Tributaries. 
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4-10  Basically,  banks  that  are  unprotected  by  revetment  and  located  on 
curves,  that  is,  banks  subject  to  impinging  flood  flows,  were  identified 
as  potential  areas  for  erosion.  The  limits  of  bank  erosion  were 
estimated  primarily  by  engineering  judgement  using  1938  aerial  photos, 
observations  of  erosion  caused  by  recent  floods,  HEC-2  overflow 
analysis,  and  (1982)  topographical  maps,  see  plate  5.  The  volume  of 
sediment  was  computed  as  the  plan  view  area  of  erosion  multiplied  by  the 
height  of  the  bank.  Table  7  presents  the  results  of  the  analysis.  This 
estimate  applies  only  to  the  design  flood  event. 


Table  7.  Results  of  Bank  Erosion  for  Design  Flood. 


Location 
on  Plate  5 

Plan  View 

Area  Eroded 
(ft2  x  1000) 

Height  of 
bank 
(ft) 

Volume  of 

Eroded  Bank 
(yd3  x  1000) 

El 

245 

10 

90 

E2 

1,110 

11 

448 

E3 

245 

13 

118 

E4 

1,820 

8 

540 

E5 

555 

9 

185 

E6 

190 

8 

56 

E7 

1,213 

11 

494 

E8 

220 

13 

106 

Total  =  2,037,000  yd3 

SANTIAGO  CREEK-DESIGN  FLOOD  SEDIMENT  TRANSPORT 

4-11  Santiago  Creek  is  the  only  other  possible  source  of  sediment  to 
the  main  stem  of  the  lower  Santa  Ana  River.  The  total  drainage  area  is 
102  square  miles.  The  available  bed  material  load  to  the  Santa  Ana 
River,  however,  would  be  severely  reduced  by  the  construction  of  the 
Santiago  Creek  Project  and  the  existing  gravel  pits  and  reservoirs 
located  on  the  creek.  The  drainage  area  is  comprised  of:  Santiago 
Reservoir  (Drainage  Area  (D.A.)  =  63  square  miles),  located  13  miles 
upstream  from  the  confluence;  Villa  Park  Dam  (Incremental  D.A.  below 
Santiago  Reservoir  =  20  sq.  mi.),  located  10  miles  upstream  of  the 
confluence;  and  gravel  pits  (Incremental  D.A.  below  Villa  Park  Dam  =  9.1 
sq.  mi.),  located  7  miles  upstream  of  the  confluence.  The  incremental 
drainage  area  downstream  of  the  gravel  pits,  consisting  of  urbanized 
development,  is  8.1  square  miles.  In  general,  the  Santiago  Creek 
Project  would  consist  of  enlarging  the  existing  gravel  pits  and  channel 
stabilization  of  the  lower  6,000  feet  of  channel  immediately  upstream 
from  the  confluence  with  the  LSAR.  The  gravel  pits  would  serve  as  a 
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regulating  reservoir,  but  would  also  be  a  sediment  trap  for  the 
inflowing  bed-material  load.  The  channel  improvements  downstream  of  the 
gravel  pits  would  be  designed  to  prevent  erosion.  The  combined 
improvements  would  result  in  a  negligible  quantity  of  sediment  load  into 
the  LSAR. 

4-12  For  design  flood  conditions,  a  worse  case  scenario  for  sediment 
inflow  into  the  improved  channel  was  developed  to  include  both  the  Santa 
Ana  River  Canyon  and  Santiago  Creek.  The  analysis  objective  was  to 
ensure  that  the  project  would  function  under  these  heavy  load 
conditions.  To  estimate  the  sediment  inflow  from  Santiago  Creek,  a 
simplified  procedure  utilizing  a  sediment  discharge  rating  curve  was 
employed.  The  rating  curve  was  established  using  the  Yang  Unit  Stream 
Power  transport  function.  The  necessary  hydraulic  data  was  generated 
from  normal  depth  computations  for  a  representative  reach  in  Santiago 
Creek.  The  resulting  rating  curve  was  then  applied  to  the  coincident 
design  flood  hydrograph. 

Sediment  Yield 

4-13  Sediment  yield  was  estimated  in  the  Santa  Ana  River  Canyon  to 
verify  the  average  annual  sediment  outflow  to  the  Pacific  Ocean  and  the 
deposition  within  the  channel,  both  of  which  were  computed  on  an  event 
basis.  The  analytical  methods  presented  for  determining  sediment  yield 
were  developed  from  watersheds  in  the  southwestern  United  States. 
Estimates  of  sediment  yield  (long  term  supply  of  sediment)  were  made  by 
applying  the  Pacific  Southwest  Interagency  Committee  (PSIAC)  method, 
Flaxman’s  method,  and  from  sediment  depositional  data  from  a  nearby 
Santiago  reservoir.  The  sediment  yield  estimates  developed  from  the 
PSIAC  and  Flaxman  methods  would  then  be  verified  with  actual  sediment 
yield  measurement  from  Santiago  reservoir. 

Pacific  Southwest  Interagency  Committee  Method 


4-14  The  Pacific  Southwest  Interagency  Committee  (ref.  22)  has 
developed  a  method  of  rating  sediment  yield  from  a  watershed  for  use  as 
an  aid  for  broad  planning  purposes  only.  The  method  consists  of 
numerically  rating  nine  factors  that  influence  sediment  production  in 
the  watershed  and  then  summing  up  the  ratings.  This  final  rating 
corresponds  to  a  range  of  sediment  yields  in  acre-feet  per  square 
mile.  The  ranges  of  estimated  yield  values  indicate  that  precision  is 
not  the  intended  result  of  the  PSIAC  method. 

4-15  The  PSIAC  Committee  has  tested  their  method  against  actual 
sediment-yield  values  measured  in  ponds  and  dams  in  the  southwest.  The 
comparisons  were  made  on  watersheds  with  drainage  areas  less  than  about 
20  square  miles.  The  PSIAC  results  either  agreed  with  or  were  slightly 
lower  than  the  actual  measurements. 

4-16  The  nine  factors  that  are  rated  in  the  PSIAC  method  are  surface 
geology,  soil,  climate,  runoff,  topography,  ground  cover,  land  use, 
upland  erosion,  and  channel  erosion/sediment  transport.  These  factors 
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were  rated  for  the  contributing  watershed  on  the  basis  of  data  obtained 
from  aerial  photography,  typographic  maps,  Soil  Conservation  Service 
soil  maps,  and  on  site  observation.  The  nine  factors  were  applied  to 
obtain  an  average  annual  yield  of  1.64  acre-feet  per  square  mile  per 
year. 

Flaxman  Method 


4-17  A  relationship  for  predicting  sediment  yield  in  the  western  United 
States  was  developed  by  Flaxman  (refs.  18,  19  and  201.  The  equation 
relates  sediment  yield  to  climate,  topography,  hydrology,  and  two  soil 
characteristics  i.e.,  percent  particles  coarser  than  1  mm  and 
aggradation  or  dispersion  characteristics  of  clay  size  particles. 

Several  forms  of  the  equation  exist  but  the  form  used  in  this  study  is 
from  a  paper  by  Flaxman  (ref.  20): 


y0-5  =  -  86.07  -  5.30  (x,)0*5  +  7.33  (x2)0*5  -  1.63  (x3)°-5 
+  10.79  (xj,)0-5  +  0.92  (x5)°*5 

where : 

y  =  Sediment  yield  in  tons  per  square  mile; 

Xj  is  the  ratio,  in  percent,  of  the  average  annual  precipitation  in 
inches  to  the  average  annual  temperature  in  degrees  F,  quantity 
divided  by  1.43; 

x2  is  the  average  slope  of  the  watershed  in  percent; 

x^  is  the  percentage  of  particles  coarser  than  1.0  mm  in  the  surface 
2  inches  of  soil,  divided  by  72; 

xj|  is  the  percent  of  clay  in  the  surface  2  inches  of  soil  plus  100 

if  the  pH  of  the  soil  is  greater  than  seven,  100  minus  the  percent 

of  clay  if  the  pH  of  the  soil  is  equal  to  or  less  than  seven:  and 

Xcj  is  the  2-year  flood  discharge  in  cubic  feet  per  second  per  square 

mile  (csm). 

4-18  A  special  note  should  be  made  here  that  the  units  for  Y  do  not 
work  out  if  a  rigid  unit  analysis  is  made  considering  variable  units 
only.  As  discussed  in  the  1982  San  Diego  Sediment  Seminar,  the 
coefficients  include  conversion  factors  that  ad.lust  the  input  data  such 
that  Y  is  in  terms  of  tons  per  square  mile.  The  theory  used  in 
employing  the  above  variables  is  as  follows: 

:  The  precipitation  to  temperature  (P/T)  ratio  is  intended  as  an 
indirect  expression  of  the  natural  response  of  vegetation  to  climate. 

It  was  assumed  that  the  higher  the  P/T  ratio,  the  better  the  vegetative 
cover,  except  when  the  watershed  is  disturbed.  The  divisor  of  1.43 
represents  the  best  cover  as  indicated  by  the  highest  P/T  ratio. 
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X2:  Almost  all  efforts  at  predicting  erosion  and  sediment  yield 
have  used  slope  as  an  influencing  factor. 

X,:  The  purpose  of  using  soil  particles  coarser  than  1  mm  was  to 
determine  the  effect  of  desert  pavement  on  erosion  and  yield.  The 
divisor,  72,  is  the  highest  percentage  of  rock  fragments  in  the 
population. 

Xj. :  This  factor  is  intended  to  be  an  indicator  of  the  aggregation 
or  dispersion  characteristics  of  the  soil,  with  an  alkaline  reaction 
assumed  to  symbolize  dispersion,  an  acid  reaction,  aggregation. 

X^:  The  2-year  flood  peak  discharge,  cubic  feet  per  second  per 
square  mile  is  assumed  to  resemble  average  annual  maximum  climatic 
stress  on  a  watershed. 

4-19  Pertinent  data  and  results  of  the  analysis  are  presented  in 
table  8.  Average  annual  yield  ranges  from  49  to  1,156  ton  per  square 
mile  per  year  (0.02  -  0.59  acre-feet  per  square  mile  per  year). 

Measured  Data 


4-20  Sediment  yield  data  was  available  from  Santiago  Reservoir,  which 
is  located  in  the  Santa  Ana  mountains  about  6.5  miles  south  of  the  Santa 
Ana  River  Canyon.  The  data  indicated  a  yield  rate  of  about  1.45 
acre-ft/mi2/year  for  a  16.8  year  period  of  record  starting  December  1931 
through  September  1948. 

Selected  Sediment  Yield  Rate 

4-21  Results  of  sediment  yield  analysis  indicate  that  the  yield  rate 
from  the  PSIAC  method  is  reasonable  for  the  area  based  on  comparison  to 
sediment  data  on  Santiago  Reservoir.  The  yield  rate  from  the  Flaxman 
method  was  unreasonably  low.  Therefore,  the  PSIAC  method  was  selected 
for  this  study.  Applying  the  PSIAC  yield  rate  of  1.64  AF/mi2/year  to 
the  contributing  drainage  area  of  the  canyon  of  about  42  to  50  mi2  would 
yield  68.8  to  82  AF/year.  Converting  units  to  cubic  yards  would  yield 
108,000  to  132,000  yds/year.  By  applying  a  ratio  that  40  percent  of  the 
sediment  yield  is  comprised  of  sand,  which  was  presented  by  Brownlie 
et.  al.  (ref  7),  the  sand  sediment  yield  range  would  be  43,200  to 
52,800  cubic  yards  per  year.  These  figures  would  later  be  used  for 
comparison  with  the  average  annual  sand  outlfow  and  the  channel 
deposition  computed  using  the  incremental  probability  method. 


Other  Tributaries 

4-22  Other  tributaries  in  the  improved  channel  reach  are  the 
Greenville-Banning  and  the  Carbon  Canyon  Diversion  channels,  which  enter 
into  the  Santa  Ana  River  at  river  mile  1.3  and  15.9,  respectively, 
upstream  from  the  river  mouth. 


) 
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Table  8.  Flaxman's  Method  For  Sediment  Yield 


VARIABLE 

XI 

X2 

X3 

XT* - 

X5 

Sub 

area 

D.A 

mi2 

Precip 

(P) 

in 

P/T 1! 
T=63°F 
(*) 

Slope 

% 

Soil 

1mm 

% 

2  yr 

Clay  Flood  .5 

%  (cfs/sq  mi)  Y 

Yield 

Tons 

(mi2) 

A 

4.44 

12.0 

.19 

6 

.26 

86 

11 

15 

225 

(13) 

B 

0.60 

12.2 

.19 

7 

.26 

86 

17 

17 

289 

(13) 

C 

0.65 

12.0 

.19 

9 

.26 

86 

18 

20 

400 

(13) 

D 

1.32 

12.0 

.19 

7 

.26 

86 

12 

17 

289 

E 

0.56 

12.0 

.19 

10 

.26 

86 

18 

21 

441 

F 

1.52 

12.0 

.19 

5 

.26 

86 

13 

14 

196 

G 

10.47 

12.0 

.19 

2 

.26 

86 

7 

7 

49 

H 

0.73 

13.0 

.21 

7 

.26 

86 

15 

17 

289 

I 

2.36 

12.0 

.19 

4 

.29 

85 

13 

11 

121 

J 

0.52 

12.0 

.19 

7 

.29 

85 

19 

17 

289 

K 

1.12 

12.0 

.19 

5 

.29 

85  . 

14 

13 

169 

L 

2.00 

12.0 

.19 

6 

.29 

85 

14 

15 

225 

M 

5.17 

13.0 

.21 

6 

.29 

85 

11 

13 

169 

N 

2.03 

13.0 

.21 

15 

.29 

85 

13 

25 

625 

0 

0.65 

13.0 

.21 

25 

.29 

85 

20 

34 

1156 

P 

1.70 

13.0 

.21 

16 

.29 

85 

13 

26 

676 

Q 

5.71 

13.0 

.21 

7 

.29 

85 

11 

16 

256 

1/  Avg  temp  =  63°F  @  710'  MSL  (1974  SAR  Survey  Report) 

Avg  precip  from  Santa  Ana  River  Survey  Report  1974,  Plate  3,  "Mean 
Seasonal  Precipitation". 


4-23  The  drainage  area  on  Greenville-Banning  is  10.4  square  miles. 
Bed-material  load  to  the  Santa  Ana  River  is  judged  insignificant  because 
the  tributary  drains  urbanized  area  and  therefore  Clearwater  flow.  In 
addition,  the  magnitude  of  coincident  tributary  flow  of  1,000  cfs  is 
small  as  compared  to  the  design  flow  of  46,000  cfs  on  the  main  stem. 

4-24  The  total  drainage  area  for  Carbon  Canyon  Diversion  Channel  is 
34.2  square  miles.  The  drainage  area  is  comprised  of:  Carbon  Canyon 
Dam  (drainage  area  =  19.3  sq.  mi.),  located  5.0  miles  upstream  from  the 
confluence;  and  the  Miller  Stilling  Basin  (incremental  drainage  area 
below  the  dam  of  14.9  sq.  mi.),  located  1.5  miles  upstream  from  the 
confluence.  There  is  no  significant  incremental  drainage  area 
downstream  of  the  basin.  Bed-material  load  to  the  Santa  Ana  River  is 
also  judged  insignificant  because  of  the  dam  and  basin  cutting  off 
sediment  to  the  downstream  channel.  The  coincident  tributary  flow  of 
2,000  cfs  is  small  as  compared  to  the  design  flow  of  38,000  cfs  on  the 
main  stem. 

4-25  This  sediment  study,  therefore,  does  not  include  any  sediment 
inflow  from  the  aforementioned  tributaries  for  the  design  flood  and  for 
the  smaller  floods  on  the  Santa  Ana  River. 


5.  SEDIMENT  TRANSPORT  ANALYSIS  IN  THE  IMPROVED  CHANNEL  REACH 


General  Approach 

5-01  The  sediment  transport  in  the  improved  channel  reach  was  simulated 
using  both  the  Corps  of  Engineers'  Hydrologic  Engineering  Center 
sediment  transport  computer  program  HEC-6  and  a  HEC-6  modified  version 
H6NBS36  developed  by  Waterways  Experiment  Station.  Sediment  transport 
in  the  project  was  simulated  for  the  design  flood  and  for  the  10-,  25-, 
50-,  and  100-year  floods  under  with  project  conditions.  The  computer 
simulation  with  HEC-6  involved  a  detailed  process  summarized  as  follows: 

1.  Preparation  and  input  of  geometric,  sediment  and  hydrologic  data 
for  the  program. 

2.  Calibration  and  verification  of  the  various  hydraulic  and 
sediment  program  parameters  from  known  prototype  events. 

3.  Execution  of  the  program  under  project  conditions  for  various 
floods  of  interest. 

4.  Analysis  of  degradation  and  aggradation  trends  and 
recommendations  for  design  water  surface  profile  computations. 

5.  Sensitivity  analysis  of  the  various  program  parameters  and  of 
various  design  conditions. 

The  improved  channel  reach  analyzed  with  the  HEC-6  program  extended  from 
the  inlet  at  Weir  Canyon  Road  downstream  to  the  Pacific  Ocean. 


Calibration  of  the  Prograa  Data 

5-02  The  calibration  process  is  the  initial  step  in  the  development  of 
the  HEC-6  model  for  latter  use  in  bed  response  prediction  under  improved 
channel  conditions.  Calibration  of  the  HEC-6  model  involves  adjusting 
and  selecting  various  hydraulic  and  sediment  parameters  in  the  model  in 
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order  to  reproduce  known  historical  bed  aggradation  and  degradation 
trends  in  the  river  over  a  given  period  of  time.  The  calibrated  model 
will  then  serve  as  a  basis  for  trial  against  a  second  set  of  conditions 
associated  with  a  flood  event  to  test  the  model  for  bed  change 
prediction.  This  second  procedure  is  referred  as  the  verification  of 
the  model.  Once  the  model  has  been  calibrated  and  verified  to 
reconstitute  historical  events  reasonably,  then  the  model  can  be  used  to 
predict  bed  changes  of  different  flood  events  with  confidence. 

5-03  The  geometric  data  set  selected  for  calibrating  the  model  was  the 
flood  of  1978.  Sufficient  cross-sectional  survey  data  were  available 
before  and  after  the  1978  flood  to  determine  the  resulting  bed  changes 
for  the  river  reach  from  Prado  Dam  to  the  Pacific  Ocean  with  the 
exception  of  the  reach  near  the  confluence  with  Santiago  Creek.  To  be 
consistent  with  the  model  geometric  adjustment,  which  uses  a  uniform  bed 
elevation  change  across  the  cross-section,  the  average  1978  vertical  bed 
change  in  each  cross  section  was  determined  graphically  from  the  survey 
data  plots.  Plate  7  presents  the  before  and  after  1978  flood  invert  bed 
profile.  Hydrologic  data  was  obtained  from  the  USGS  for  the  stream 
gauges  located  on  the  Lower  Santa  Ana  River,  as  discussed  in  paragraph 
2-06.  The  various  parameters  in  the  calibration  process  which  were 
considered  are: 

a.  the  sediment  transport  function 

b.  the  bed  material  gradation 

c.  the  sediment  inflow  load 

d.  the  percent  of  the  moveable  bed  surface  between  cross  sections 

e.  the  Manning's  "n"  values 

5-04  Although  setting  one  of  the  above  parameters  may  influence  another 
parameter,  the  most  important  parameter  is  the  sediment  transport 
function,  which  is  discussed  later  in  paragraphs  5-08  to  5-10.  The  bed 
material  gradation  used  in  this  HEC-6  calibration  analysis  is  shown  on 
plate  3.  The  sediment  inflowing  load  was  zero  sincethe  model  would 
begin  just  downstream  of  Prado  Dam.  The  data  from  the  stream  gauge 
below  Prado  Dam  indicated  virtually  zero  bed  material  load  passing 
through  the  dam.  The  limits  of  the  movable  bed  widths  were  established 
considering  the  flow  conditions  and  hardpoints  such  as  revetted  banks. 

5-05  The  actual  calibration  was  performed  by  setting  "n"  values  based 
on  current  field  conditions  and  executing  each  of  the  four  transport 
functions  available  on  HEC-6.  The  Yang  transport  function  was  selected 
(see  paragraphs  5-08  through  5-10)  and  used  in  all  the  subsequent 
analysis  with  HEC-6  because  the  Yang  function  reconstituted  the  actual 
changes  closer  than  the  other  functions.  The  "n"  values  were  adjusted 
until  a  close  agreement  was  accomplished  with  the  observed  bed 
changes.  The  results  of  the  HEC-6  calibration  process  are  shown  on 
plate  7.  It  was  concluded  that  the  HEC-6  model  was  calibrated  and  that 
it  would  be  reasonable  to  proceed  to  the  verification  procedure. 
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Verification 


5-06  The  verification  of  the  calibrated  HEC-6  model  entails  executing 
the  model  against  an  entirely  different  flood  event  from  which  the  model 
was  calibrated.  The  model  is  said  to  be  verified  when  it  reconstitutes 
the  observed  river  bed  changes.  To  verify  the  model,  the  1980  flood  was 
selected  since  there  was  adequate  channel  survey  and  hydrologic  data 
from  which  to  determine  the  river  bed  changes  and  the  corresponding 
flood  discharges.  The  Santa  Ana  River  Canyon  reach,  however,  was  the 
only  reach  where  survey  data  was  unreliable  due  to  numerous  man-made 
changes.  Consequently,  the  verification  process  was  conducted  for  the 
reach  downstream  of  Weir  Canyon  Road,  which  is  at  the  downstream  end  of 
the  canyon.  To  account  for  the  sediment  inflow  from  the  canyon  reach,  a 
sediment-discharge  rating  curve  was  instituted  using  the  sediment- 
discharge  curve  developed  at  the  Ball  Road  stream  gage  (see  paragraph 

4- 04  to  4-05.  Translating  the  curve  upstream  to  Weir  Canyon  Road,  which 
is  the  project  channel  inlet  location,  was  judged  reasonable,  since  the 
channel  between  these  two  locations  experienced  insignificant  bed  change 
during  the  1980  flood. 

5- 07  The  results  of  the  verification  run  using  Yang’s  transport 
function  indicate  that  the  model  agrees  fairly  well  with  the  actual  bed 
changes,  except  for  the  channel  reach  extending  from  confluence  with 
Santiago  Creek  to  the  San  Diego  Freeway.  In  this  reach,  the  model 
underestimated  the  degradation  of  the  channel.  To  reconstitute  the 
degradation  quantities,  the  model  was  adjusted  (calibrated)  on  a 
preliminary  basis  by  inputting  a  finer  bed  material  gradation  to 
simulate  the  fine  material  existing  in  the  channel,  (see  paragraph 
2-11).  The  adjusted  model  did  reproduce  the  degradation  in  this 
reach.  However,  the  adjustment  was  judged  to  be  unnecessary  because  the 
project  calls  for  lining  the  channel  with  concrete  in  this  reach,  thus 
preventing  erosion.  The  bed  material  gradation  in  the  model  should 
rather  represent  the  material  entering  into  the  concrete  reach. 
Therefore,  the  model  was  considered  to  be  verified  without  the 
preliminary  bed  material  adjustment.  Plate  8  displays  the  before  and 
after  1980  invert  bed  profile  and  the  results  of  the  HEC-6  verification 
simulation. 


Sediment  Transport  Function 

5-08  The  HEC-6  program  contains  four  different  sediment  transport 
functions  for  computing  the  sediment  transport  in  the  river.  The  four 
options  are:  (1)  Toffaleti's  method,  (2)  Madden’s  modification  of 
Lursen's  relationship,  (3)  Yang's  Unit  Stream  Power  method,  and 
(4)  DuBoy’s  method. 

5-09  The  selection  of  the  appropriate  sediment  transport  function  was 
based  on  two  approaches.  First,  each  function  in  HEC-6  was  tested 
against  the  historical  bed  changes  in  the  calibration  process  assuming 
the  same  basis  of  "n"  values,  sediment  inflowing  load,  and  bed-material 
gradation.  Application  of  the  Toffaleti  and  the  DuBoy's  methods  in  the 
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program  produced  changes  in  bed  elevation  that  were  much  less  than  and 
much  greater  than  the  historical,  respectively.  Attempts  were  made  to 
use  the  Laursen  method,  but  internal  problems  with  the  program  code 
caused  this  method  to  be  excluded  from  the  calibration  process.  Lastly, 
the  Yang  function  was  tested  and  resulted  in  predicted  bed  changes  that 
were  in  close  agreement  with  the  historical. 

5-10  Second,  the  functions  were  tested  against  the  measured  load  at  the 
Ball  Road  stream  gage  by  using  the  program  to  compute  the  sediment  load 
with  each  function.  In  addition,  the  Ackers-White  equation  was  computed 
manually  for  comparison  with  the  measured  load  for  possible  application 
in  the  program  if  the  other  functions  proved  to  be  unsuccessful.  The 
results  of  the  computed  load  versus  measured  load  are  shown  on  plate  9. 
The  results  indicate  that  for  the  measured  flow  range  of  1,000  to  about 
7,000  cfs,  the  Duboy  and  Yang  function  were  fairly  close  to  the  measured 
load.  The  Ackers-White  equation  produced  lower  sediment  discharge 
values  than  the  Yang  function  and  was  dropped  from  further  analysis. 
Additionally,  the  Yang  function  proved  to  be  the  most  successful  in 
calibrating  against  historical  bed  changes  and  was  within  an  acceptable 
range  with  the  measured  load.  As  a  result  of  this  analysis,  the  Yang 
Unit  Stream  Power  equation  was  selected  for  estimating  the  bed-material 
load  in  the  river.  The  Yang  equation  (ref.  10)  used  in  this  3tudy  is: 

log  Cf  =  5.435  -  0.286  log  Hi  -  0.457  log  II 
**  v  w 


+  (1.799  -  0409  log  Hi  -  0.314  log  11)  log  (II  -  lS£l) 

V  WWW 

where : 

Ct  =  Total  sediment  concentration,  in  parts  per 
million  by  weight, 

w  =  Terminal  fall  velocity  of  sediment  particles,  ft/sec 

d  =  Median  sieve  diameter  of  bed  material,  ft 

v  =  Kinematic  viscosity,  ft^/sec 

U*  =  Shear  velocity,  ft/sec 

VS  =  Unity  stream  power,  ft/sec.  ft/ft 

VcpS  =  Critical  unit  stream  power  at  incipient  motion,  ft/sec 

HEC-6  Input  Data 

CHANNEL  GEOMETRY 

5-11  The  channel  geometry  under  project  conditions  was  obtained  from 
plan  and  profiles  sheets  in  the  Phase  I  GDM.  Cross  sections  were 
encoded  into  the  HEC-6  model  beginning  at  the  project  inlet  at  Weir 
Canyon  Road  downstream  to  the  Pacific  Ocean.  Spacing  of  the  cross 
sections  ranged  from  100  to  1,500  feet  apart  with  an  average  of  about 
1,000  feet.  Cross  sections  were  also  located  at  control  invert  points 
in  the  river  such  as  drop  structures  and  stabilizers. 


BED  MATERIAL  GRADATION 


5-12  The  representative  bed  material  gradation,  as  discussed  previously 
in  paragraph  2-15,  was  used  in  the  HEC-6  project  analysis  for  all  the 
various  floods,  (10-,  25-,  50-,  100-year)  including  the  design  flood. 

The  program  requires  a  gradation  with  each  cross  section  defined  in  the 
geometry  data  set.  In  order  for  the  HEC-6  to  represent  the  concrete-lined 
channel  and  invert  hardpoints  such  as  drop  structures  and  stabilizers, 
the  model  was  encoded  with  a  bed  material  layer  of  0.1  feet  to  exist  on 
the  design  invert.  The  0.1  feet  thick  of  bed  material  allows  the 
program  to  execute  in  a  deposition  potential  mode  only.  Scour  of  the 
bed  will  not  occur  in  the  concrete  reach  or  at  channel  invert  hardpoints. 

HYDROLOGIC  DATA 

5-13  Several  different  flood  events  were  investigated  with  the  HEC-6 
program  to  evaluate  the  adequacy  of  the  project  design  with  respect  to 
sediment  transport.  The  floods  analyzed  were  the  project  design  flood 
(170-year)  and  the  10-,  25-,  50-,  and  100-year  flood  frequency  events. 

5-14  The  hydrologic  analysis  for  the  Santa  Ana  River  was  conducted  with 
the  Corps  of  Engineers'  Los  Angeles  District  Flood  Hydrograph  Package 
(LADFHP).  Flood  hydrographs  for  the  design  flood  were  provided  along 
the  project  reach  that  included  residual  flow  from  tributaries  in  the 
Santa  Ana  River  Canyon  and  Santiago  Creek.  For  all  floods,  balanced 
hydrographs  were  developed  based  on  with  project  condition  and  based  on 
both  peak  and  volume  frequency  analysis  from  regulated  releases  out  of 
Prado  Dam.  For  these  floods,  tributary  inflow  was  neglected  since  there 
are  numerous  coincident  flow  combinations  between  the  main  stem  and  each 
tributary.  To  account  for  the  inflow  of  sediment  from  tributaries  in 
the  canyon  reach,  a  sediment  discharge  rating  curve  was  used  at  the 
project  inlet  at  Weir  Canyon  Road.  For  Santiago  Creek,  inflow  of 
sediment  would  be  negligible  with  construction  of  a  stable  channel. 

Plate  10  displays  the  balanced  hydrograph3.  It  should  be  noted  that 
trih  hary  inflow  from  Greenville-Banning  Channel  and  Carbon  Canyon 
Dive. sion  Channel  would  not  impact  on  transport  of  sediment  since  the 
inflow  discharges  are  small  relative  to  discharges  on  the  main  stem. 

IMPROVED  CHANNEL  HYDRAULIC  ROUGHNESS 

5-15  Hydraulic  roughness  is  accounted  for  in  the  HEC-6  program  by  the 
use  of  Manning's  roughness  coefficient  "n".  Under  project  channel 
conditions,  three  different  reaches  were  considered  in  terras  of  the 
roughness  coefficient.  The  first  reach  was  the  channel  ocean  reach  with 
soft  bottom  channel  and  vertical  concrete  flcodwalls  at  the  lower  end. 

The  second  reach  was  the  rectangular  concrete  lined  channel  downstream 
of  the  confluence  with  Santiago  Creek,  and  the  third  reach  was  the 
trapezoidal  soft  bottom  channel  drop  structure  reach  from  Santiago  to 
the  improved  channel  inlet.  The  "n"  values  used  in  the  calibration 
procedures  were  numerically  estimated  using  Cowan's  method  described  in 
Chow's  Open  Channel  Hydraulics  (ref.  2)  and  adjusted  to  produce  the 
historical  bed  change.  These  "n"  values  would  be  utilized  in  the 
channel  ocean  reach  and  drop  structure  reach;  however,  they  would  not  be 
applicable  to  the  concrete  lined  reach. 
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5-16  In  a  concrete  lined  channel  with  ephemeral  high  velocity  flow,  the 
standard  procedure  would  be  to  design  the  channel  using  a  Manning's 
roughness  coefficient  of  0.014.  The  deposition  of  sand  on  the  concrete 
invert  could  increase  this  value.  If  the  amount  of  deposition  is  less 
than  0.5  feet,  then  the  increase  would  be  due  mainly  to  grain 
resistance.  Otherwise,  any  amount  greater  than  this  would  result  in  the 
possibility  of  bed  formation,  that  is,  the  development  of  ripples, 
dunes,  or  antidunes,  which  would  cause  form  drag  and  increase  the 
resistance  to  flow.  From  the  initial  HEC-6  runs,  the  amount  of 
deposition  was  found  to  be  generally  greater  than  0.5-foot.  Deposition 
would  occur  in  the  lower  (downstream)  portion  of  the  concrete  channel 
reach  from  station  257+00  downstream  to  station  150+50.  Therefore,  the 
Manning's  "n"  value  would  be  adjusted  to  account  for  bed  forms.  The 
remaining  part  of  the  concrete  channel  reach  would  not  experience 
deposition  and  be  designed  with  the  standard  "n"  value  of  0.014. 

5-17  For  both  the  lined  concrete  and  unlined  channel  ocean  and  drop 
structure  reaches,  the  bed  forms  for  various  discharges  were  determined 
using  the  methodology  by  Vanoni  (ref.  8).  The  result  of  the  bed  form 
analysis  indicated  that  at  high  flows,  the  bed  form  for  the  channel 
ocean  reacn  and  lower  part  of  the  concrete  channel  would  be  in  plane 
bed ,  while  the  drop  structure  reach  would  be  in  plane  bed  or 
antidunes.  From  reference  1,  the  corresponding  Manning's  "n"  values  for 
these  bed  form*,  would  range  from  0.012  to  0.022  for  plane  bed  and  0.015 
to  0.031  for  antidunes.  Moreover,  the  suggested  values  for  sediment 
transport  analysis  were  0.02  for  plane  bed  and  0.025  for  antidunes. 

5-18  In  summary,  the  Manning's  "n"  values  utilized  in  the  HEC-6 
computations  for  the  Santa  Ana  River  were  0.02  for  the  unlined  channel 
ocean  reach  and  the  deposition  portions  of  the  lined  concrete  channel 
reach,  0.014  for  the  concrete  channel  reach  without  deposition  and  0.025 
for  the  drop  structure  reach.  The  effect  on  the  "n"  value  from  the 
revetment  on  the  side  slopes  was  not  investigated  because  the  side  slope 
"n"  value  applied  against  the  riverbed  would  not  significantly  change 
the  composite  "n"  value.  It  should  be  noted  that  no  significant 
vegetation  will  be  permitted  in  the  channel.  Operation  and  maintenance 
clearing  of  vegetation  and  brush  over  3  feet  high  is  required.  Low 
flows  will  bend  over  and  uproot  smaller  vegetation.  In  addition,  the 
current  practice  using  temporary  diversion  levees  located  within  the 
channel  for  ground  water  recharge  at  low  flows  will  be  permitted  since 
uncompacted  sand  levee3  historically  wash  out  at  relatively  low 
flood  flows  of  2,000  cfs. 


Results 


GENERAL 

5-19  The  results  obtained  from  the  HEC-6  simulation  of  the  design  flood 
as  well  as  the  lesser  frequency  floods  appear  to  be  reasonable.  Since 
it  is  beyond  the  state-of-the-art  capability  to  accurately  predict  the 
scour  or  deposition  at  specific  locations,  the  results  presented  herein 
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are  in  terms  of  the  general  trends  of  aggradation  and  degradation.  To 
ensure  that  the  results  are  applicable  in  design,  a  sensitivity  analyses 
was  conducted  of  various  transport  parameters  in  the  HEC-6  program  which 
influence  the  sediment  transport  calculations.  In  addition,  various 
channel  conditions  were  investigated  since  it  is  possible  that  the 
channel  would  not  be  at  the  design  invert  at  the  start  of  the  design 
flood. 

DESIGN  FLOOD 

5-20  The  HEC-6  simulation  of  the  design  flood  was  conducted  for  the 
reach  from  the  improved  channel  inlet  at  Weir  Canyon  Road  downstream  to 
the  Pacific  Ocean  using  two  different  cases  of  sediment  inflow  since  the 
sediment  inflow  would  be  variable  over  the  project  life.  The  two  cases 
are  the  maximum  and  minimum  sediment  inflow  into  the  improved  channel 
reach.  The  objective  was  to  bracket  the  trend  of  aggradation  and 
degradation  within  the  channel  for  use  in  hydraulic  design. 

5-21  For  the  case  of  the  maximum  sediment  inflow,  the  results  of  the 
HEC-6  analysis  indicate  that  at  the  peak  of  the  design  flood,  deposition 
would  be  significant  just  downstream  of  the  improved  channel  inlet  and 
at  the  lower  end  of  the  concrete  channel  and  channel  ocean  reach.  For 
the  first  drop  structure  reach  (stations  1204+70  to  1157+60),  the  depth 
of  deposition  would  be  up  to  2.2  feet.  The  other  drop  structure  reaches 
show  no  bed  change.  In  the  lower  end  (stations  242+60  to  0+00),  the 
deposition  would  be  up  to  7.3  feet.  At  the  end  of  the  design 
hydrograph,  there  are  some  additional  subreaches  in  the  drop  structure 
reach  that  experience  deposition.  The  overall  sediment  depths  were  1  to 
2  feet  higher.  In  the  channel  ocean  reach  and  downstream  end  of  the 
concrete  channel,  the  depositional  slope  ranged  from  S  r  0.0006  to 
0.0012  at  the  peak  flow  and  at  the  end  of  the  design  hydrograph.  The 
depositional  slope  of  0.0012  compares  favorably  with  the  historical 
slope  of  S  =  0.0011.  As  a  result,  the  preliminary  design  depositional 
slope  was  selected  as  that  slope  that  was  present  at  the  maximum  river 
water  surface  elevation,  which  for  all  reaches  coincided  with  the  peak 
of  the  design  hydrograph.  The  preliminary  design  slope  was  tested  and 
further  refined  in  the  sensitivity  part  of  the  analysis.  The  design  of 
the  channel  levee  heights  could  be  established  with  these  results. 

5-22  In  contrast,  the  HEC-6  analysis  for  the  minimum  sediment  inflow 
was  performed  by  using  a  zero  value  for  the  inflowing  load  from  all 
sources.  The  results  indicate  a  potential  for  general  scour  of  up  to 
8  feet  below  the  design  invert  between  invert  control  points  in  the 
upstream  reach  of  the  drop  structures  (station  1204+20  to  1157+60).  In 
the  reach  just  downstream  of  the  concrete-lined  channel  (channel  ocean 
reach),  the  scour  would  be  up  to  6  feet  below  the  design  invert. 

Although  this  is  an  extreme  opposite  of  the  analysis  above  with  sediment 
inflow,  the  result  provides  for  design  of  the  slope  protection  toe 
depths  in  this  reach. 
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5-23  Because  of  the  uncertainties  involved  in  the  sediment  transport 
theory,  additional  sensitivity  analyses  were  made  of  the  various  HEC-6 
program  input  variables  and  of  various  channel  conditions  likely  to 
occur  preceding  the  design  event.  The  program  parameters  include  the 
roughness  coefficient  "n"  and  the  bed-material  gradation.  The 
alternative  channel  conditions  include  the  formation  of  a  sand  plug  at 
the  ocean  outlet,  initial  deposition  in  the  channel,  and  high  and  low 
downstream  water  surface  elevations  with  respect  to  tidal  fluctuation. 

Roughness  Coefficient  "n” 

5-24  As  previously  discussed  in  paragraphs  5-15  to  5-18,  the  "n"  values 
used  in  the  analysis  were  based  on  the  channel  conditions  including  the 
effect  of  bed  forms.  To  ensure  that  the  improved  channel  will  function 
in  terms  of  deposition  on  the  bed  during  the  design  flood,  the  "n"  value 
was  increased  to  0.0 3  in  all  reaches  of  the  HEC-6  model.  The  higher 
value  will  result  in  reduced  sediment  transport  capacities  which  in  turn 
may  result  in  higher  deposition.  The  result  of  the  computations 
indicate  that  the  quantity  of  channel  aggradation  is  not  sensitive  to 
the  "n"  value.  The  deposition  with  n  =  0.03  was  less  than  or  equal  to 
the  design  deposition  amount. 

Bed  Material  Gradation 

5-25  The  bed  material  gradation  used  in  the  analysis  was  based  on  a 
graphical  average  of  the  samples  obtained  directly  from  the  streambed. 
The  sensitivity  of  the  gradation  was  examined  by  increasing  the  size 
fraction  of  the  larger  particles  such  that  the  d^g  particle  size 
increased  from  0.5  to  0.75  mm.  The  amount  of  increase  was  based  on  the 
gradation  range  of  the  individual  samples.  The  amount  of  aggradation 
was  found  to  be  insensitive  to  the  increased  particle  size.  The 
deposition  for  particle  size  of  d^g  equal  to  0.75  mm  was  less  than  or 
equal  to  the  design  deposition  amount. 

Sand  Plug 

5-26  Under  existing  conditions,  the  littoral  drift  of  sand  across  the 
ocean  outlet  forms  a  sand  plug  that  reduces  tidal  ocean  waters  from 
flushing  in  and  out  of  the  river.  To  address  the  impact  of  this  plug 
forming  under  project  conditions,  the  HEC-6  analysis  geometric  data  was 
adjusted  by  estimating  that  the  sand  would  deposit  up  to  elevation 
0.0  feet  NGVD  for  the  entire  lower  reach.  The  design  invert  daylights 
at  elevation  0.0  feet  NGVD  approximately  1.9  miles  upstream  from  the 
outlet  and  drops  to  elevation  -7.0  feet  NGVD  at  the  stabilizer  near  the 
ocean  outlet.  The  results  of  the  computations  indicate  that  the  sand 
plug  would  wash  out  before  the  peak  of  the  design  flood.  The  amount  of 
aggradation  did  not  exceed  the  design  deposition  slope. 
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Antecedent  Flow 


5-27  In  addition  to  a  sand  plug  forming,  deposition  in  the  channel 
ocean  reach  could  also  form  as  a  result  of  lower  frequency  floods  or 
antecedent  floods  preceding  the  design  event.  In  order  to  simulate  the 
initial  movement  of  sediment  prior  to  the  design  event,  a  flow  of 
5,000  cfs  for  a  period  of  38  days,  which  represents  the  volume  of  water 
to  empty  Prado  Basin,  was  considered  applicable.  The  flow  rate  of 
5,000  cfs  corresponds  to  historic  releases.  The  sediment  deposition 
during  the  design  flood  was  quite  sensitive  to  the  initial  bed 
conditions.  It  was  found  that  the  quantity  of  deposition  in  the  channel 
ocean  reach  was  twice  the  amount  with  antecedent  flow  than  without.  As 
a  result,  a  new  depositional  design  slope  was  determined.  It  is 
important  to  note  that  this  new  depositional  design  slope  was  considered 
as  the  final  design  slope  for  use  in  the  subsequent  hydraulic  design  for 
computing  water  surface  elevations.  Plate  11  graphically  displays  the 
channel  invert  profile  and  the  sedimentation  profiles  for  the  hydraulic 
design  of  the  channel  at  peak  design  discharge.  At  the  end  of  the 
design  hydrograph,  there  are  some  additional  subreaches  that  experience 
deposition.  Plate  12  graphically  presents  these  results.  Plate  12  is 
provided  for  trend  information  only  and  is  not  intended  to  be  used  in 
the  hydraulic  design. 

Tidal  Influence 

5-28  The  fluctuation  of  the  starting  water  surface  elevations  (WSEL) 
for  backwater  computations  could  influence  the  sediment  transport 
characteristics  and  capacity  of  the  downstream  channel  as  noted  in  a 
paper  by  Dixon  et  al  (ref.  30).  In  the  Los  Angeles  District,  the 
current  design  practice  for  the  starting  WSEL  is  to  use  the  peak 
discharge  of  the  design  event  coincident  with  the  mean  higher  water 
(MHHW)  elevation  above  mean-sea-level  (MSL).  A  starting  WSEL  of 
2.54  ft.  MHHW  was  used  in  this  analysis  throughout  the  design 
hydrograph.  To  examine  the  sensitivity  of  this  value  with  respect  to 
sediment  deposition  in  the  downstream  channel,  an  evaluation  of  the  peak 
flows  and  higher  high  tides  was  conducted  using  tidal  data  obtained  from 
NOAA  (ref  31).  The  tidal  data  was  in  the  form  of  a  statistical  month 
based  on  17  years  of  recorded  data  at  Newport  Beach,  which  is  just  south 
of  the  outlet  channel.  The  timing  of  the  starting  WSEL  in  the  model  was 
adjusted  such  that  the  peak  flow  for  the  design  flood  hydrograph  was 
coincident  with  peak  MHHW  of  the  statistical  month  tidal  hydrograph. 
Plate  13  graphically  displays  the  tidal  hydrograph.  The  peak  MHHW  is 
about  4.22  ft  (MSL  Datum),  which  is  only  1.68  ft  higher  than  design 
condition.  The  results  of  the  computation  indicate  that  aggradation  is 
not  sensitive  to  the  fluctuation.  The  reason  is  because  the  tidal 
hydrograph  fluctuate  more  rapidly  than  the  design  flood  hydrograph.  The 
fluctuation  in  downstream  WSEL  cause  less  backwater  at  low  tide  levels 
and  transports  the  aggraded  sediment  further  into  the  ocean. 


39 


6.  AVERAGE  ANNUAL  DEPOSITION  AND  SARD  OUTFLOW  TO  THE  PACIFIC  OCEAN 


Methodology  and  Results 

6-01  An  analysis  was  conducted  to  determine  the  average  annual 
aggradation  in  the  project  reach  and  the  sand  outflow  to  the  Pacific 
Ocean  for  maintenance  and  mitigation  measures  as  a  result  of  the 
project.  Estimates  of  average  annual  aggradation  and  3and  outflow  for 
the  with  and  without  improved  channel  (project)  conditions  over  the 
project  life  were  determined  using  the  weighted  incremental  probability 
method.  Estimates  of  average  annual  aggradation  and  3and  outflow  for 
historical  conditions  after  closure  of  Prado  Dam  in  I9H1  were  performed 
using  existing  available  data. 

6-02  For  the  with  project  condition,  the  incremental  probability  method 
is  applied  by  evaluating  the  10-,  25-,  50- ,  100-year  floods,  and  the 
design  flood,  which  has  a  frequency  of  170-year,  with  the  HEC-6  program 
to  determine  the  volume  of  deposition  and  sand  outflow  for  each  flood. 
The  sediment  volumes  are  then  weighted  by  the  incremental  probability  of 
occurrence  for  any  given  year  by  the  relationship: 


Qsannual  =  -006  +  •0°1’  (VOL170  ♦  VOL10o>  +  .01  (V0L100  ♦  V0L50) 

2  2 

♦  .02  (V0l50  +  VOL25)  +  .06  (V0L25  +  V0L1Q) 

2  2 


Where  Qs  is  average  annual  (deposition  or  sand  outflow)  and  the  1 70-, 
100-,  50-,  25-,  10-  are  the  subcripts  for  floods  with  their  respective 
return  period  in  years.  Floods  less  than  the  10-year  flood  were  not 
included  in  the  analysis  because  these  smaller  floods  would  not 
contribute  a  significant  quantity  of  sediment  in  terms  of  channel 
deposition  or  sand  outflow.  Under  improved  channel  conditions,  the 
average  annual  channel  deposition  and  sand  outflow  to  the  Pacific  Ocean 
were  estimated  to  be  31,000  and  36,000  cubic  yards,  respectively.  The 
total  of  the  two  is  67,000  cubic  yards. 
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6-03  For  the  without  project  condition,  the  same  procedures  were 
applied  as  for  the  with  project  condition  except  for  the  design  flood. 
In  this  case  the  design  flood  would  cause  levee  failure  of  the  existing 
channel,  resulting  in  sediment  exiting  into  the  flood  plain.  The 
sediment  volumes,  not  including  the  design  flood,  are  weighted  by  the 
incremental  probability  occurrence  by  the  relationship: 


Qsannual  =  °-01  <Vol100>  +  °*01  <**100  +  Vol50> 

2 

+  0.02  (Vol50  +  Vol25)  +  0.06  (Vol25  +  Vol10) 

2  2 


6-04  The  without  project  average  annual  deposition  and  sand  outflow  to 
the  Pacific  Ocean  were  estimated  to  be  24,000  and  25,000  cubic  yards, 
respectively.  The  total  of  the  two  is  49,000  cubic  yards.  By  not 
including  the  design  flood,  the  difference  of  18,000  cubic  yards  (67,000 
minus  49,000)  reflects  the  average  annual  deposition  into  the  flood 
plain.  It  should  be  noted  that  this  figure  is  a  gross  estimate  since  it 
does  not  include  wash  load  and  it  does  not  account  for  timing  of  the 
levee  breach  during  the  design  event. 

6-05  The  average  annual  deposition  and  sand  outflow  under  historical 
conditions  were  computed  by  using  data  from  stream  gage  and  historical 
channel  removal  records.  For  the  period  from  1941  to  1971,  an  estimate 
of  the  coarse  sediment  discharge  was  made  by  the  USGS  (ref.  6)  for  the 
stream  gage  at  Fifth  Street  in  Santa  Ana.  The  estimate  was  adjusted  by 
the  Corps  of  Engineers  by  including  sediment  outflow  to  represent  the 
period  up  to  1978.  The  adjusted  sand  discharge  at  the  gage  was  about 
140,000  cubic  yards  per  year.  From  reference  15,  the  estimated  average 
annual  sand  deposition  downstream  of  the  gage  for  about  the  same  time 
period  was  60,000  cubic  yards  per  year.  Thus,  subtracting  the 
deposition  yield  from  the  sand  discharge  yield  produces  an  estimated 
average  annual  sand  outflow  of  80,000  cubic  yards  per  years.  It  is 
important  to  note  that  these  estimates  would  slightly  increase  with  the 
inclusion  of  the  recent  flood  events.  However,  an  attempt  to  include 
these  events  was  found  to  be  difficult  because  of  the  problem  with  the 
streamgage  records  at  Fifth  Street  during  1980  flood  and  the  channel 
scour  downstream  of  the  gage  producing  an  additional  source  of  sediment. 
Consequently,  the  above  values  without  the  recent  floods  were  considered 
reasonable  for  the  long  term  historical  average. 

6-06  The  average  annual  deposition  and  sand  outflow  for  the  with  and 
without  project  channel  conditions  were  estimated  with  the  equation 
noted  previously.  The  deposition  was  found  to  occur  in  the  lower 
4  miles  of  the  project  channel.  Table  9  summarizes  the  deposition  and 
sand  outflow  quantities  for  with  and  without  project  conditions  and  for 
historical  conditions. 
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Table  9. 


Sediment  Yields  for  Various  Floods 


Sediment 

Sand 

Channel 

Flood 

Deposition 

Outflow 

Condition 

(year) 

(X  1000  yd3) 

(X  1000  yd3) 

With  project 

170 

1,509 

2,303 

100 

679 

524 

50 

367 

324 

25 

180 

195 

10 

39 

54 

annual 

31 

36 

Without  project 

170 

1/ 

1/ 

100 

484 

923 

50 

340 

336 

25 

231 

136 

10 

90 

11 

annual 

24 

25 

Historical  Condition 

(1941-1978) 

annual 

60 

80 

1/  Not  included  in  annual  computations  because  flood 

would  breach 

levees,  resulting  in 

sediment 

exiting  the  channel 

system. 

Comparison  With  Average  Annual  Yield  Calculations 
for  the  Santa  Ana  River  Canyon 

6-07  In  order  to  determine  the  reasonableness  of  the  estimate  of  the 
with-project  average  annual  sediment  production,  a  comparison  was  made 
between  the  sediment  yield  estimate  of  the  canyon  reach  with  the  project 
yield.  As  discussed  in  paragraph  4-21,  several  methods  were  used  to 
estimate  the  canyon  sediment  yield.  From  that  analysis,  it  was 
determined  that  the  sand  sediment  yield  would  range  from  43,200  to 
52,800  cubic  yards  per  year.  The  with-project  sand  sediment  yield  of 
67,000  cubic  yards  per  year  compares  favorably  and  would  be  considered 
very  reasonable  with  respect  to  the  sediment  yield  of  the  canyon.  In 
other  words,  the  difference  in  sediment  yield  estimates  of  about 
30  percent  is  well  within  the  accuracy  in  sediment  transport  technology 
with  respect  to  sediment  yield  determination. 
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Frequency  of  Cleanout 


6-08  As  part  of  maintenance  requirements  for  the  channel  design,  an 
upper  grade  limit  was  established  to  identify  the  sediment  removal 
required  from  the  channel  to  maintain  the  design  flood  protection. 
Sediment  would  be  allowed  to  accumulate  to  the  upper  grade  limit  line 
shown  on  plate  I1!.  Once  sediment  deposition  exceeds  this  limit,  the 
sediment  must  be  removed  to  the  design  invert. 

6-09  The  upper  grade  limit  was  based  on  the  bed  change  in  the  HEC-6 
analysis  after  antecedent  flow  of  5,000  cfs  for  38  days.  The  bed  change 
encompassed  a  deposition  bed  slope  of  0.0007986.  This  corresponds  to  a 
deposition  volume  of  about  660,000  cubic  yards.  Based  on  the  average 
annual  sediment  deposition  of  31,000  cubic  yards  per  year,  the  channel 
in  the  lower  reach  would  have  to  be  cleaned  out  on  the  long  term  average 
of  once  every  21  years. 

6-10  The  upper  grade  limit  was  raised  to  elevation  0.0  feet  msl  in  the 
reach  downstream  of  where  the  upper  grade  limit  crosses  elevation  0.0  at 
station  69+33.  The  adjustment  was  made  to  allow  sediment  to  accumulate 
upstream  of  the  sand  plug  that  usually  forms  at  the  river  mouth.  This 
geometric  condition  was  also  tested  in  the  design  HEC-6  analysis.  The 
resulting  bed  change  did  not  exceed  the  design  deposition  amount. 
Therefore,  sediment  will  be  allowed  to  accumulate  to  the  adjusted  limit. 
No  sediment  removal  maintenance  is  expected  in  the  drop  structure 
concrete  channel  reach  from  the  inlet  at  Weir  Canyon  Road  downstream  to 
the  concrete  channel  station  223+35. 
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I .  BACKGROUND 

The  Santa  Ana  River  drains  a  large,  arid  watershed  and  conveys  flood 
water  through  developed  areas  valued  at  many  billions  of  dollars.  The  lower 
river  is  virtually  dry  most  of  the  year  but  has  experienced  peak  discharges  of 
up  to  327,000  cfs  for  the  flood  of  January,  1882.  The  flood  of  1938  had  a  peak 
discharge  of  approximately  100,000  cfs  and  its  damage  inspired  major  chan¬ 
nelization  efforts  as  well  as  the  construction  of  Prado  0 am.  The  next  major 
flood  occurred  in  January  and  February,  1969  and  had  a  peak  discharge  of 
approximately  36,000  cfs.  The  floods  of  March,  1978  and  February,  1980  also 
caused  notable  damage. 

The  Phase  I  GDM  calls  for  significant  improvements  to  the  Lower  Santa  Ana 
River.  From  Weir  Canyon  Road  to  the  Santiago  Creek  confluence,  the  plan  calls 
for  a  soft  bottom,  trapezoidal  channel  with  18  to  24  inch  riprap  on  the  baoks. 
From  the  Santiago  Creek  confluence  to  the  San  Diego  Freeway,  the  channel  will 
be  trapezoidal  with  concrete  sides  and  bottom.  From  the  San  Diego  Freeway  to 
the  river  mouth,  the  channel  will  be  rectangular  with  concrete  sides  and  a  soft 
bottom.  Since  this  portion  of  the  river  has  historically  been  a  reach  of  depo¬ 
sition,  there  is  no  need  for  lining  the  bottom  of  the  channel. 


II.  DESCRIPTION  OF  SEDIMENTATION  STUDY 

The  objectives  of  the  sedimentation  study  for  the  Lower  Santa  Ana  River 
design  include  the  following: 

(1)  Convey  flood  waters  safely  to  the  ocean  without  overtopping  in  the 
main  stem  or  its  tributaries. 

(2)  Account  for  erosion  of  the  river  bed  and  banks  durings  a  flood 
event. 

(3)  Account  for  local  scour  at  road  crossings,  tributary  inflows,  etc. 

(4)  Estimate  maintenance  involved  in  removing  large  quantities  of  sedi¬ 
ment  in  deposition  reaches,  especially  near  the  river  mouth. 

Because  of  the  relationship  between  hydrualics  and  sediment  transport,  it 
is  important  to  incorporate  their  effects  upon  each  other  into  the  project 
design.  In  order  to  analyze  this  complex  problem  correctly  and  completely,  the 
following  approach  was  used  by  the  Los  Angeles  Corps  of  Engineers. 

(1)  Assess  the  behavior  of  the  existing  Santa  Ana  River  using  available 
data  and  historical  accounts  of  previous  floods. 

(2)  Use  measured  data  such  as  flood  stages  and  sediment  concentrations 
to  determine  the  applicability  of  the  HEC-6  computer  program  "Scour 
and  Depsoition  in  Rivers  and  Reservoirs." 

(3)  Determine  the  response  of  the  proposed  project  to  the  design  flood 
using  HEC-6.  Areas  of  scour  and  deposition  should,  in  general, 
correspond  to  historical  events. 

(4)  Use  several  qualitative  and  quantitative  methods  in  addition  to 
numerical  modeling  to  perform  sedimentation  analysis  to  provide  sup¬ 
port  for  conclusions  drawn. 

(5)  Conduct  a  sensitivity  analysis  by  varying  parameters  that  have  a 
large  uncertainty  such  as  roughness  and  sediment  loading.  Determine 
the  effect  of  these  variations  on  the  computed  solution. 

This  approach  is  thorough  and  systematic.  It  uses  available  historic 
data  and  uses  several  different  analysis  methods  to  verify  the  results.  The 
following  chapter  is  a  summary  of  the  results  and  procedures  of  the  Phase  II 
GDM  sedimentation  report  for  the  lower  Santa  Ana  River. 


III.  SUMMARY  OF  LOWER  SANTA  ANA  RIYER  SEDIMENTATION  REPORT 

The  study  was  conducted  by  the  Los  Angeles  District  Corps  of  Engineers, 
Engineering  Division,  Hydraulics/Hydrology  Branch.  A  summary  of  the  Co>~ds  of 
Engineers'  study  follows. 

The  study  reach  starts  from  the  river  mouth  at  the  Pacific  Ocean  and  ends 
at  Prado  Dam  approximately  31  miles  upstream.  From  the  ocean  to  river  mile  23, 
the  river  is  channelized  with  both  concrete  and  revetted  side  slopes  and  a  soft 
bottom.  From  river  mile  24  to  Prado  Dam  there  is  essentially  a  natural  channel 
through  what  is  known  as  the  Santa  Ana  River  Canyon.  Santiago  Creek  is  the 
main  tributary  and  it  enters  at  approximately  river  mile  11. 

Data  collection  efforts  turned  up  maintenance  records  that  indicate  the 
average  annual  sediment  deposition  in  the  study  reach  is  55,000  cubic  yards  per 
year.  Aerial  photos  were  available  for  1982,  1974  and  1938.  Bed  material  ana¬ 
lysis  indicates  about  90%  sand  and  10%  gravel.  Channel  surveys  were  performed 
after  the  1978  and  1980  flood  events.  Project  channel  geometry  was  taken  from 
the  Phase  I  GDM.  Streamflow  data  was  recorded  below  Prado  Dam,  at  Imperial 
Highway,  at  Ball  Road  and  at  Fifth  Street.  Suspended  sediment  measurements 
were  also  made  at  these  gaging  sites.  The  gage  measurements  were  corrected  to 
account  for  the  unmeasured  sediment  load. 

A  qualitative  analysis  using  the  Lane  relationship  indicated  the  upper 
portion  of  the  channelized  project  reach  will  experience  aggradation;  the  area 
just  upstream  from  the  Santiago  Creek  confluence  will  remain  stable;  the  all 
concrete  reach  will  maintain  its  design  invert  elevation;  and  deposition  will 
occur  downstream  from  the  San  Diego  Freeway.  The  results  are  shown  in  Table  2 
of  the  Corps  study. 

An  equilibrium  slope  analysis  using  Yang's  equation  yields  general 
results  similar  to  the  qualitative  analysis.  It  was  determined  that  bed 
armoring  would  be  unlikely  to  occur  during  the  design  flood  due  to  the  relati¬ 
vely  small  representative  grain  size.  Table  4  indicated  the  armor  grain  size 
is  between  10  and  70  mm.  The  dg5  grain  size  however  is  2  mm. 

A  limiting  degradation  slope  was  estimated  using  4  different  methods: 
Schoklitsch  bedload  equation,  Meyer-Peter  Muller  bedload  equation.  Shields 
diagram  and  Lane's  critical  tractive  force  method.  These  methods  yielded 
stable  slopes  of  0.000029,  0.000029,  0.0000073  and  0.000004  respectively. 

A  relationship  between  sediment  discharge  and  water  discharge  was  deve¬ 
loped.  It  incorporated  all  sediment  sources  in  the  canyon  reach  upstream  from 
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the  proposed  project.  Stream  gage  data  was  available  for  sediment  loads  for 
discharges  up  to  14,000  cfs.  The  computer  program  HEC-6  was  used  to  estimate 
sediment  loads  for  higher  discharges.  Tatum’s  method  was  used  to  estimate 
sediment  yield  from  the  watershed  during  a  design  storm.  Bank  erosion  esti¬ 
mates  were  made  by  examining  aerial  photographs.  The  Pacific  Southwest  Inter¬ 
agency  Committee  method  and  the  Fiaxman  method  were  also  used  to  estimate  sedi¬ 
ment  yield.  A  sediment  yield  rate  of  1.64  acre-feet/square-mi le/year  was 
determined  for  the  canyon  watershed  above  the  project  reach.  This  compared 
well  to  reservoir  deposition  data  indicating  a  1.45  acre-feet/square-mile/year 
sediment  yield  rate  at  nearby  Santiago  Reservoir.  An  average  annual  sediment 
inflow  of  up  to  132,000  cubic-yards/year  was  determined  to  enter  the  project 
reach.  Note  that  this  number  includes  sand,  silt  and  clay  sizes. 

Sedimentation  analysis  was  carried  out  using  the  Corps  of  Engineers  com¬ 
puter  program  HEC-6  and  a  modified  version  known  as  H6NBS36.  The  geometric 
data  covered  the  project  inlet  at  Weir  Canyon  Road  to  its  outlet  at  the  Pacific 
Ocean.  The  program  was  calibrated  using  data  from  the  flood  of  1978.  Yang's 
unit  stream  power  method  was  used  as  a  transport  function  in  HEC-6.  The  cali¬ 
bration  was  performed  by  adjusting  the  Manning's  n  value  of  each  section  until 
agreement  was  obtained  between  computed  and  observed  bed  changes.  The 
calibrated  data  set  was  verified  using  records  from  the  1980  flood.  The  bed 
changes  were  reproduced  fairly  well  except  for  the  reach  downstream  from  the 
Santiago  Creek  confluence.  In  this  reach,  computed  degradation  was  less  than 
the  degradation  observed  during  the  1980  flood. 

The  data  set  for  the  project  condition  was  developed  from  plans  in  the 
Hydraulic  Appendix  in  the  Phase  I  GDM.  Grain  size  analyses  were  performed 
throughout  the  study  area  and  a  single  representative  grain  size  distribution 
was  used  (Plate  3).  The  project  condition  was  evaluated  using  balanced 
hydrographs  representing  10,  25,  50  and  100  year  frequency  flood  events  as  well 
as  the  design  event.  The  following  roughness  values  were  used  for  the  project 
condition:  n=0.02  for  the  downstream  reach,  n=O.015  for  the  concrete  lined 

middle  reach,  n=0.Q25  for  the  unlined  upper  reach  (drop  structure  reach).  Form 
drag  caused  by  bed  forms  was  included  in  the  development  of  n  values. 

The  design  flood  was  simulated  for  the  project  condition  using  the  HEC-6 
computer  program.  Two  different  inflowing  load  curves  were  used  to  encompass 
f  maximum  and  minimum  streambed  changes.  The  results  indicate  that  deposition  of 
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up  to  2.2  feet  will  occur  in  the  upstream  reach.  Deposition  of  up  to  7.3  feet 
will  occur  in  the  downstream  reach.  The  middle  reach  remained  fairly  stable. 
Note  that  all  three  reaches  are  channelized.  A  second  simulation  using  clear 
water  inflow  indicated  6  to  8  feet  of  scour  in  unlined  drop  structure  reaches. 
This  worst  case  erosion  scenario  was  used  to  estimate  toe  depths  of  lined 
banks. 

A  sensitivity  analysis  was  performed  to  account  for  the  uncertainties 
involved  in  sedimentation  analysis.  The  Manning's  n  value  was  increased  to 
0.03  in  all  reaches  but  had  only  a  small  effect  on  computed  bed  changes.  The 
D50  grain  size  of  the  bed  material  was  increased  from  0.5mm  to  0.75mm  but  this 
also  had  little  effect  on  the  computed  results.  The  reason  for  this  is  because 
all  reaches  with  unlined  channel  bottoms  experienced  deposition  thus  bed  grain 
size  should  have  no  effect  upon  solutions  computed  by  HEC-6.  A  sand  plug, of ten 
forms  at  the  Santa  Ana  River  mouth  during  the  summer  months.  The  sand  plug 
would  wash  out  before  the  peak  of  the  design  flood.  An  antecedent  flow  of 
5,000  cfs  for  30  days  resulted  in  twice  as  much  deposition  near  the  river  mouth 
during  the  design  flood  event.  A  tidal  elevation  of  2.72  feet  was  used  for  the 
downstream  boundary  condition  for  the  design  event.  Variations  in  the  tidal 
elevation  had  little  effect  on  the  riverbed  near  the  ocean. 

The  incremental  probability  method  was  used  to  compute  the  average  annual 
sand  outflow  to  the  ocean  and  the  average  annual  deposition  in  the  project 
reach.  The  results  indicated  that  31,000  cubic  yards  of  sand  per  year  depo¬ 
sited  in  the  project  reach.  The  sand  outflow  to  the  beach  was  36,000  cubic 
yards  per  year.  From  gage  records,  it  was  estimated  that  the  sand  outflow  to 
the  ocean  is  80,000  cubic  yards  per  year.  It  was  estimated  that  the  frequency 
of  maintenance  in  the  downstream  reach  would  be  approximately  every  20  years. 
No  maintenance  is  expected  in  the  upstream  or  middle  reaches. 


IV.  REVIEW  OF  SEDIMENTATION  ANALYSIS 

4.1  Qualitative  Analysis 

A  qualitative  analysis  using  the  relationship 

qs  050a qS  (4.1) 

Where  q$  =  sediment  discharge  per  unit  width 
Djjq  =  median  sediment  size 
q  =  water  discharge  per  unit  width 
S  =  channel  slope 

This  relationship  is  based  upon  Lane's  Work  (see  Reference  1).  Section  III  B  of 
the  Phase  II  6DM  states,  "When  sediment  transport  rate  increases,  degradation 
will  occur  and  the  bed  slope  will  flatten.  Conversely,  a  decrease  in  one  of 
the  right  hand  side  variables  will  result  in  a  decrease  of  the  sediment 
transport  rate;  deposition  will  occur  and  the  bed  slope  will  steepen."  The 
results  shown  in  Table  2  (Evaluation  of  Qualitative  Response  of  Santa  Ana 
River)  of  the  COE  report  are  basically  correct.  SLA  suggests  that  the  sentence 
referenced  above  be  modified  to  "When  the  sediment  transport  capacity  in¬ 
creases,  degradation  will  occur.  When  the  channel  slope  decreases,  aggradation 
will  occur." 

4.2  Bed  Armoring  Potential 

Five  methods  were  used  to  compute  the  particle  size  for  which  bed 
armoring  would  occur.  The  size  ranged  from  10  mu  to  70  mm.  Only  a  small 
amount  of  coarse  material  is  available  so  bed  armoring  is  not  expected  to  be  a 
dominant  physical  process  in  the  project  reach  below  Weir  Canyon  Road.  Bed 
armoring  may  occur,  however,  in  the  canyon  reach  above  the  project,  especially 
at  lower  sustained  discharges.  The  impact  will  be  to  slow  down  bed  erosion  in 
the  canyon  reach.  The  COE  analysis  took  into  account  the  potential  range  of 
sediment  supply  and  the  corresponding  slope  changes.  SLA  concurs  with  the  COE 
analysis. 

4.3  Equilibrium  Slope  Analysis 

Yang's  unit  stream  power  equation  was  used  to  compute  the  slope  for  which 
the  bed  would  be  stable.  This  analysis  yields  results  that  can  be  expected 
under  normal  flooding  and  sediment  supply  conditions.  This  is  sometimes 
referred  as  "dynamic  equilibrium"  condition.  The  results  generally  agree  with 
the  qualitative  analysis. 
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4.4  Limiting  Channel  Slope 

The  stable  slope  is  estimated  based  upon  incipient  motion  criteria  for  a 
given  particle  size  and  represents  a  situation  that  may  occur  if  there  is 
little  or  no  inflowing  sediment  load.  This  is  sometime  referred  to  as  "static 
equilibrium"  condition.  A  stable  slope  was  computed  using  four  different 
methods.  The  design  discharge  was  used  to  compute  the  expected  bed  shear.  The 
stable  slope  ranged  from  0.000004  to  0.00002S.  This  is  substantially  less  than 
the  existing  average  channel  slope  and  could  result  in  general  degradation  of 
up  to  five  feet.  SLA  concurs  that  this  is  a  conservative  estimate  of  bed  ero¬ 
sion  and  can  be  used  to  estimate  toe  down  on  bank  lining. 

4.5  Sediment  Discharge  Relationships  from  Stream  6aqe  Data 

The  USGS  measurements  were  corrected  to  exclude  wash  load  and  to  include 
an  estimate  for  the  unmeasured  load.  Figure  4.1  shows  a  comparison  of  the 
measured  sediment  load  at  Ball  Road  to  load  curves  predicted  by  various  analy¬ 
tical  methods.  The  inflowing  load  computed  by  HEC-6  agrees  quite  well  with 
measured  data.  Since  there  are  no  sediment  or  discharge  gaging  stations  at  the 
river  mouth,  SLA  agrees  with  the  COE  procedure  to  use  the  Ball  Road  gage  to 
estimate  sand  outflow  to  the  coast. 

4.6  Sediment  Yield  from  Canyon  Reach 

Several  techniques  were  used  to  estimate  the  average  annual  sediment 
yield  from  the  canyon  reach  which  is  just  upstream  from  the  project  inlet.  The 
Pacific  Southwest  Interagency  Committee  (PSIAC)  method  gave  a  sediment  yield  of 
1.64  acre-feet/square-mile/year.  The  contributing  drainage  area  is  42  to  50 
square  miles.  The  average  annual  sediment  inflow  to  the  project  reach  is 
108,000  to  132,000  cubic  yards/year.  The  sediment  yield  estimate  based  on 
deposition  data  from  a  nearby  reservoir  indicate  a  sediment  yield  rate  of  1.45 
acre-feet/  squarermi 1 e/year.  The  PSIAC  method  gives  the  total  sediment  yield. 
The  sand  yield  ranged  from  43,200  to  52,800  cubic  yards  per  year.  SLA  finds 
that  the  results  of  the  PSIAC  method  are  resonable  based  on  comparison  with  the 
reservoir  data. 

4.7  Sediment  Transport  Analysis  Using  HEC-6 

The  input  data  set  for  HEC-6  was  adjusted  to  reproduce  the  flood  of  1978. 
The  method  used  was  to  change  the  n  values  until  computed  bed  changes  matched 
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the  observed  changes.  A  -separate  HEC-6  data  set  was  used  to  reproduce  the 
flood  event  which  occurred  in  1980.  Although  there  were  slight  changes  in  the 
channel  geometry,  the  river  characteristics  were  similar  during  the  1978  and 
1980  flood  events.  The  second  computer  simulation  revealed  that  HEC-6 
underestimated  the  severe  degradation  that  occurred  downstream  from  the  Santiago 
Creek  confluence  during  the  1980  flood.  It  did,  however,  reproduce  the  depth 
and  location  of  the  initial  degradation  (downstream  from  Fairview  St.  Bridge). 

SLA  agrees  with  the  Phase  II  60M  requirement  for  complete  lining  of  this  reach 
because  both  observed  and  computed  data  indicate  that  bed  degradation  would 
occur  if  it  was  unlined.  The  successful  reproduction  of  the  two  aforementioned 
flood  events  indicate  that  HEC-6  is  an  appropriate  simulation  tool  for  this 
flood  event. 

The  Yang  equation  for  total  sediment  load  was  used  throughout  the  study. 

This  procedure  assumes  that  the  amount  of  sediment  transported  is  proportional 
to  the  unit  stream  power  (the  product  of  the  average  velocity  and  the  energy 
slope).  This  equation  was  developed  by  using  numerous  laboratory  and  field  data 
pertaining  to  sand  size  and  the  unit  stream  power  is  a  key  parameter  in  determ- 
ing  the  transport  capacity.  As  long  as  the  physical  conditions  occur  near  the 
range  of  data  from  which  the  equation  was  developed,  the  results  will  be 
reasonable.  Plate  9  (Comparison  of  Computed  and  Measured  Load,  Ball  Road  Gage) 
of  the  Phase  II  GDM  indicates  that  of  all  the  relationships  available  in  HEC-6, 
the  Yang  equation  fits  the  observed  data  the  best.  SLA  concurrs  with  this 
choice. 

A  table  should  be  included  that  lists  the  n  values  used  for  each  reach  for 
each  of  the  various  runs.  The  source  of  the  value  should  also  be  listed  (either 
from  calibration  or  from  estimation).  Any  other  calibration  parameters  used  in 
the  study  should  also  be  displayed  in  a  table.  SLA  concurs  with  the  values  of 
Manning's  n  used  for  the  HEC-6  analysis  in  this  study. 

Figure  4.2  shows  a  plot  of  total  sediment  volume  vs.  exceedance  probabi¬ 
lity.  The  curve  was  developed  by  computing  the  sediment  inflow  to  the  project 
reach  for  each  flood  hydrograph  using  the  transport  relationships  from  the  HEC-6 
analysis  of  the  canyon  reach.  Using  the  incremental  probability  method  indi¬ 
cates  that  the  average  annual  sediment  inflow  for  the  project  reach  is  68,900 
cubic  yards  per  year.  This  is  slightly  more  than  the  estimated  sand  yield  from 
the  canyon  reach  of  43,200  to  52,800  cubic  yards  per  year.  The  deposition 
(31,000  yd3/year)  plus  sand  outflow  (36,000  yd3/year)  for  the  project  condition 
was  very  close  to  the  HEC-6  inflow  volume  of  68,900  cubic  yards.  An  HEC-6  ana-  ) 

lysis  for  existing  conditions  may  give  more  insight  into  the  impacts  of  the  pro¬ 
ject  on  sand  delivery  to  the  beach.  Comparing  the  computed  results  for  project 
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conditions  to  the  observed  measurements  for  existing  conditions  may  not  give  an 
accurate  picture  of  the  potential  project  impacts.  For  example,  the  Draft  Phase 
I  GDM  for  the  Santa  Ana  River  states  that  slightly  more  sand  will  reach  the 
ocean  under  project  conditions  (page  58).  The  source  of  this  conclusion  is  not 
known  but  SLA  recommends  that  additional  analysis  for  the  sand  outflow  estimates 
would  be  worthwhile. 

4.8  Sensitivity  Analysis 

A  sensitivity  analysis  was  performed  to  test  the  reliability  of  the  HEC-6 
numerical  simulations.  It  is  possible  that  n  values  could  be  0.03  or  higher  if 
vegetation  is  allowed  to  grow  in  the  channel.  This  case  was  tested  and  found 
to  have  only  a  minor  effect  on  sediment  transport  behavior.  Other  factors 
tested  were  bed-material  gradation,  the  formation  of  a  sand  plug  at  the  river 
mouth,  the  effect  of  a  significant  antecedent  flow  before  a  flood  event  and  the 
effect  of  changing  the  tidal  boundary  condition.  The  only  factor  that  had  a 
large  effect  on  sedimentation  behavior  was  the  presence  of  a  significant  antece¬ 
dent  flow  which  resulted  in  a  change  initial  bed  condition.  This  is  an  impor¬ 
tant  facet  of  the  study  because  the  presence  of  a  dam  upstream  usually  results 
in  a  decrease  of  peak  flood  discharges  and  a  substantial  increase  in  the  dura¬ 
tion  of  a  flood.  The  hydraulic  design  was  performed  using  the  maximum  amount  of 
deposition  expected  during  an  event.  This  accounts  for  the  additional  freeboard 
necessary  when  there  are  sand  deposits  on  the  bed.  SLA  finds  the  sensitivity 
analysis  to  have  been  performed  appropriately. 

4.9  Channel  Maintenance 


The  allowable  sediment  deposition  gradeline  is  shown  in  Plate  14  (Upper 
Sediment  Level).  The  COE  estimates  that  the  channel  will  reach  this  level  about 
every  20  years.  SLA  fines  this  reasonable  based  upon  the  estimated  average 
annual  sediment  deposition  of  31,000  cubic  yards  per  year. 


V.  INDEPENDENT  SLA  ANALYSIS 

In  order  to  check  the  results  obtained  by  the  Corps  of  Engineers,  Simons, 
Li  &  Associates  performed  some  additional  analysis.  A  brief  description 
follows: 

5.1  Sediment  Routing 

The  Meyer-Peter,  Muller  bedload  equation  along  with  a  modified  Einstein 
integration  procedure  was  used  to  estimate  the  total  sand  transport  capacity  of 
the  river.  The  river  was  divided  into  20  reaches  of  similar  hydraulic  charac¬ 
teristics.  Depths  and  velocities  for  the  design  discharge  were  provided  by  the 
Corps  of  Engineers.  Table  5.1  shows  the  computed  sediment  transport  results. 
The  change  in  sediment  transport  capacity  divided  by  the  reach  length  and  bot¬ 
tom  width  yields  the  rate  of  deposition  or  scour.  The  upper  reach  has  a 
transport  capacity  of  approximately  1  million  tons  per  day  at  the  design 
discharge.  At  station  745+40,  near  Katella  Avenue,  the  design  velocity 
decreases  due  to  a  change  in  slope.  This  causes  the  transport  capacity  to  drop 
to  about  650,000  tons/day.  The  computations  indicate  that  deposition  will 
occur  at  the  design  discharge  for  this  reach  (reach  No.  11).  Reach  number  10, 
downstream  from  the  Katella  Avenue  reach,  indicates  that  scour  will  occur  at 
the  design  discharge.  This  is  because  the  transport  capacity  is  greater  than 
the  amount  of  sediment  supplied  by  the  reach  just  upstream.  Although  the 
design  slope  of  this  scour  reach  is  the  same  as  the  deposition  reach  just 
upstream,  the  channel  width  decreases  so  the  design  velocity  increases.  Figure 
5.1  shows  a  plan  and  profile  view  of  the  river  section  discussed  here.  The 
channel  is  likely  to  develop  a  new  equilibrium  slope  in  reach  number  11  after  1 
to  2  feet  of  deposition  occur.  This  will  slow  down  the  general  scour  in  reach 
number  10.  The  transport  capacity  in  the  fully  lined  reaches  (numbers  5  and  6) 
seems  sufficiently  high  to  prevent  deposition.  Reaches  1  through  4  indicate 
deposition.  In  general,  SLA  finds  this  analysis  to  agree  with  the  HEC-6 
results  for  the  project  condition.  SLA  suggests  that  the  potential  deposition 
in  Reach  11  and  the  potential  scour  in  reach  10  should  be  further  evaluated. 
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TABLE-5.1  SEDIMENT  ROUTING  SUTWRY 


AVERAGE 

AVERAGE 

AVERAGE 

TRANSPORT 

BED 

REACH 

STATION 

DESCRIPTION 

Q 

CHAMCL 

DEPTH 

VELOCITY 

WIDTH 

CAPACITY 

CHANGE 

MI. 

(USERS 

(CFS) 

SLOPE 

(FT) 

(FT/SEC) 

<FT) 

(TON/OAY) 

(FT/DAY) 

1 

8*36  TO  146*32 

PACIFIC  0 

46566 

6.88126 

11.3 

6.6 

486 

666136 

EQU1L 

2 

146*32  TO  191*85 

ADAMS  AVE 

46668 

8.668G4 

13.5 

9.3 

365 

642926 

*1.2 

J 

191*85  TO  248*68 

46866 

6.88864 

16.6 

246 

869936 

♦2.8 

A 

248*66  TO  273*66 

S.O.  FUY 

46886 

6.86182 

11.4 

11.4 

246 

1128324 

*6.3 

S 

273*66  TO  398*66 

EOINGER  AV 

46686 

6.86288 

14.1 

16.3 

268 

4342358 

CLEAN 

S 

398*66  TO  S2S*36 

17TH  ST 

46888 

6.86275 

14.S 

15.1 

216 

3447692 

CLEAN 

7 

525*38  TO  688*75 

GON  GRV  BL 

42688 

6.66199 

11.4 

see 

1447646 

-2.6 

B 

666*75  TO  644*36 

S  ANA  FUY 

42866 

6.66172 

18.7 

see 

1187667 

-6.5 

9 

644*36  TO  689*35 

ORNGLD  AVE 

41866 

6.66168 

16.6 

366 

1857388 

-1.4 

IB 

689*35  TO  716*86 

ORANGE  FUY 

46668 

6.86194 

16.2 

296 

912874 

-4.2 

11 

716*88  TO  745*48 

NATELLA  AVE 

46886 

6.66194 

9.1 

344 

655276 

♦6.4 

12 

74S*48  TO  818*98 

BALL  ROAD 

46666 

6.66216 

16.6 

346 

1168328 

EQUIL 

13 

816*96  TO  843*96 

LINCOLN  AV 

48668 

6.66269 

16.2 

346 

1688455 

EQU1L 

1* 

843*98  TO  891*48 

GLASSELL 

38866 

6.66221 

16.4 

346 

1877819 

EQUIL 

IS 

691*46  TO  914*85 

ATiSF  RR 

38666 

6.66223 

18.5 

346 

1118668 

EQUIL 

16 

914*85  TO  977*98 

RVRSIOE  FUY 

39886 

8.88226 

16.6 

346 

1168898 

EQUIL 

17 

977*96  TO  1631*78 

UCV1EU  AVE 

38666 

6.68217 

13. S 

16.5 

346 

1115251 

EQUIL 

IB 

1631*76  TO  1186*38  IHPRL  HIY 

38666 

6.66197 

16.5 

316 

1633186 

EQUIL 

19 

1186*36  TO  1156*38 

38868 

6.66171 

18.2 

316 

968588 

♦2.4 

2B 

1156*36  TO  1283*56  ICIR  CYN 

38668 

6.66213 

11.2 

18.9 

318 

1281188 

EQUIL 

NOTES: 

BED  CHANGE  BASED  ON  BED  WIDTH  AM)  REACH  LENGTH 
*EQU1L*  INDICATES  THAT  SEOKtNT  INFLOW  AM)  OUTFLOW  IS 
APPROXIMATELY  BALANCED. 

•CLEAN*  INDICATES  A  FULLY  LI(€0  REACH  IN  MUCH  NO 
DEPOSITION  OCCURS. 


FI6Uf2£  5>,  I  PLAM  AMP  Pf?OI=(L&  f=PR  P6ACW  IP- IZ 


5.2  Toe  Depth  of  Channel  Lining 

The  following  design  criteria  were  employed  to  obtain  the  toe  depth  of 
the  channel  bank  lining. 


Situation 

Near  Drop  Structures 

Near  Stabilizers 

Near  Bridges 

Drop  Structurs  Reach 

Coastal  Reach  (STA  0+00  to  150+30) 

Golf  Course  Reach  (STA  535+00  to  565+00) 


Toe  Depth  (ft) 

15 

10 

5  to  8 
5  to  8 

8  (rip  rap),  20  (cut  off  wall) 
5 


In  general,  a  conservative  estimate  of  toe  depth  is  the  sum  of  degrada¬ 
tion,  general  scour,  local  scour  and  a  safety  factor  of  about  one  foot. 
Degradation  and  general  scour  can  be  estimated  by  an  equilibrium  slope  analysis 
or  by  incipient  motion  criteria.  The  latter  gives  the  more  conservative  value. 
For  the  channelized  section,  the  local  embankment  scour  due  to  the  angle  of 
attack  is  minimized,  thus  the  local  scour  car  be  estimated  as  one-half  of  the 
antidune  height  which  is  88%  of  the  velocity  head  (Sediment  Transport 
Technology,  by  D.B.  Simons  and  F.  Senturk,  1977,  p.  230). 

The  degradation  and  general  scour  were  computed  in  Table  5  (Stable  Slope) 
of  the  Phase  II  GDM.  These  computed  slopes  are  essentially  flat.  If  a  flat 
slope  was  extended  upstream  from  each  drop  or  stabilizer,  the  maximum  amount  of 
degradation  in  any  reach  is  shown  in  Table  5.2.  The  general  scour  is  insigni¬ 
ficant  because  there  are  no  abrupt  channel  width  restrictions.  Using  an 
average  velocity  of  12  feet/sec,  the  local  scour  is  about  2.2  feet.  The  total 
expected  scour  is  shown  in  column  7  to  Table  5.2.  The  design  toe  depth  at  the 
point  of  maximum  degradation  is  shown  in  column  8.  The  difference  between 
estimated  and  design  toe  depths  is  shown  in  column  9.  Negative  values  indicate 
the  toe  depth  is  underdesigned  at  that  location.  Although  the  levee  toe  depths 
are,  in  general,  adequate,  some  minor  changes  should  be  made.  The  only  area  of 
concern  is  the  drop  structure  at  Station  600+75  (near  Garden  Grove  Freeway). 
The  calculations  indicate  7.9  feet  of  degradation  which  is  well  below  the  toe 
depth  of  5  feet.  SLA  recommends  an  additional  stabilizer  at  approximately 

Station  584+00  (see  Figure  5.2)  along  with  an  increase  of  maximum  levee  toe 
depth  to  7  feet  in  this  reach.  The  sediment  routing  in  Table  5.1  indicates 
that  this  is  a  reach  of  scour  so  the  suggested  design  modification  is 

appropriate.  The  stabilizer  at  Station  558+00  appears  to  be  underdesigned  but 

in  reality  since  the  channel  uses  the  Riverview  Golf  as  an  overbank  in  this 

reach  the  design  velocity  is  lower  and  thus  the  scour  potential  is  small. 
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Limiting  Deposit  Velocit, 

To  insure  that  the  concrete  lined  channel  reach  remains  clean,  flow  velo¬ 
cities  should  be  higher  than  the  limiting  deposit  velocity  V|_^  jhe 

Sedimentation  Engineering  Handbook  (Reference  4)  page  262  indicates  that  the 
deposition  Froude  number  F<j  should  be  at  least  1.3 

Fd  =  vL//iD"  (5.1) 

Where  Vl  is  the  average  channel  velocity  that  prevents  sand  deposition  and  D  is 
the  hydraulic  depth.  In  the  completely  lined  reach,  the  typical  velocity  is 
about  22  ft/sec  and  the  typical  hydraulic  depth  is  9  feet.  The  value  of  Fj  for 
these  quantities  is  1.29  so  the  channel  should  remain  clean.  SLA  finds  the 
design  limiting  deposit  velocity  to  be  reasonable. 


5.4  Summary 

The  configuration  of  drop  structures  and  bed  stabilizers  will  insure  a 
stable  channel  for  the  upper  reaches.  The  concrete  channel  is  of  adequate 
length  and  slope  to  prevent  scour  and  excessive  deposition.  SLA  finds  the  COE 
sedimentation  study  to  be  thorough  and  complete,  resulting  in  an  effective 


design  for  the  Lower  Santa  Ana  River. 
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1.  General:  A  detailed  sediment  transport  analysis  was  conducted  in  support 
of  the  Phase  II  General  Design  Memorandum  (GDM)  using  the  channel 
configuration  shown  in  the  Phase  I  GDM.  Subsequent  to  that  report  (referred 
to  in  text  as  the  main  report)  and  the  independent  review,  the  channel 
configuration  in  the  concrete  and  channel  ocean  reach  was  changed  from  a 
rectangular  channel  to  a  trapezoidal  channel.  As  a  result,  a  sediment 
transport  analysis  using  HEC-6  was  deemed  necessary  to  predict  channel  bed 
profiles  for  the  design  flood  and  to  determine  the  average  annual  channel 
deposition  and  sand  outflow.  This  report  describes  the  sediment  transport 
analysis  and  the  results  for  the  trapezoidal  channel  design.  This  report  is 
appended  as  part  of  the  sediment  transport  main  report  found  herein,  since  it 
covers  only  the  changes  to  the  Phase  II  design. 

2.  Revised  Channel  Features:  The  redesign  of  the  channel  extends  from  the 
Pacific  Ocean  upstream  to  and  including  the  channel  through  the  Riverview  Golf 
Course.  The  differences  in  channel  design  from  the  Phase  I  GDM  configuration 
consist  of:  changing  to  a  trapezoidal  channel  from  the  river  mouth  upstream 
to  Station  150+00  and  in  the  reach  from  Station  273+00  upstream  to  Station 
600+73,  with  base  widths  varying  from  1 60  feet  to  410  feet  and  side  slopes  of 

1  vertical  on  2  horizontal;  lowering  the  channel  invert  in  the  reach  from 
Station  460+00  upstream  to  just  upstream  of  the  confluence  with  Santiago 
Creek;  adding  a  drop  structure  and  invert  stabilizer  in  the  golf  course  reach; 
and  lowering  the  crest  of  the  drop  stucture  located  at  Station  689+85.  A 
detailed  discussion  of  the  project  features  is  presented  In  the  hydraulic 
design  report. 

3.  Study  Approach:  The  impact  to  the  results  shown  in  the  main  report  are 
the  HEC-6  results  which  established  the  design  deposition  slope,  design  of  the 
levee  toe  depths,  and  the  determination  of  the  average  annual  deposition  and 
sand  outflow.  Sediment  transport  in  the  improved  channel  reach,  including  the 
revised  trapezoidal  channel,  was  simulated  for  the  design  flood  and  for  the 
10— ,  25-,  50-,  and  100-year  floods.  Two  different  inflowing  sediment  load 
curves  were  used  for  the  design  flow  simulation  to  bracket  the  bed  changes, 
that  is,  deposition  in  the  case  of  high  sediment  inflow  and  scour  in  the  case 
of  reduced  sediment  inflow.  The  analysis  with  HEC-6  was  streamlined  to  use 
only  those  program  parameters  that  were  sensitive  to  the  changes  in  bed 
elevation  during  the  design  event.  The  results  from  the  HEC-6  sensitivity 
analysis  indicate  the  that  bed  changes  were  sensitive  to  the  initial  channel 
geometric  condition  and  the  anteeendent  flow  hydrograph.  To  provide  a  worse 
case  scenerio  for  the  initial  geometric  condition  the  channel  invert  data  in 
HEC-6  for  the  design  flood  simulation  was  adjusted  to  the  upper  grade  limit 
established  in  the  main  report  (see  pi.  14  main  report).  For  the  design  flood 
scour  analysis  and  the  more  frequent  flood  analyses,  the  channel  invert  data 
was  set  at  the  design  invert  (see  pi.  3A).  In  the  design  flood  analysis 
conducted  in  the  main  report,  the  design  hydrograph  was  combined  with  an 
antecedent  flow  hydrograph  of  5,000  cfs  for  38  days.  The  purpose  was  to 
represent  a  worse  case  flood  scenerio.  This  combined  hydrograph,  however,  was 
overly  conservative  and  would  not  be  representative  of  the  project  release 
schedule  for  Prado  Dam.  To  account  for  the  possibility  of  a  flood  preceding 
the  design  flood,  the  1969  flood,  which  was  a  major  flood  event,  was 
selected.  The  1969  flood  was  routed  through  Prado  Dam  to  provide  the  project 
condition  anteeendent  flood  hydrograph.  The  1969  flood  was  then  followed  by 
the  design  flood  to  represent  a  worse  case  flood  scenerio. 
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Other  program  parameters  discussed  are  the  Nanning's  "n"  value,  the  tidal 
hydrograph,  and  the  bed  material  gradation.  The  Manning's  coefficient  "n"  was 
set  in  accordance  with  those  values  used  in  the  original  analysis,  n  =  0.02  in 
the  channel  ocean  reach,  n  =  0.015  in  the  concrete  channel  reach,  n  =  0.025 
for  the  drop  structure  reach,  and  checked  for  sensitivity  by  assigning  a  high 
"n"  value  of  0.03  in  all  reaches.  The  HEC-6  analysis  using  a  tidal  hydrograph 
or  an  increase  in  bed  material  gradation  was  not  conducted  because  both  were 
found  to  be  insensitive  to  the  channel  bed  deposition  at  the  peak  of  the 
design  flood.  This  study  considered  only  the  detailed  sediment  routing 
analysis  using  HEC-6  for  which  the  results  are  presented  in  subsequent 
paragraphs. 

4.  Results  of  the  HEC-6  Analysis 

4.1  Design  Flood:  The  HEC-6  analysis  was  conducted  by  initially  setting 
the  streambed  at  the  upper  grade  limit,  and  computing  bed  changes  using  the 
combined  hydrograph  of  the  1969  flood  followed  by  the  design  flood.  The 
results  of  the  HEC-6  computations  of  the  streambed  profile  for  the  combination 
antecedent  flow  and  design  flood  are  reasonable  in  the  trend  prediction.  The 
bed  change  results  were  depicted  at  the  peak  of  the  design  flood  hydrograph. 
The  maximum  water  surface  elevation  in  the  channel,  Including  the  bed  change, 
also  occurred  at  the  peak  of  the  design  flood  hydrograph.  The  results  are 
similar  to  the  results  found  with  the  Phase  1  channel  configuration.  However, 
the  location  and  quantity  of  the  depositional  bed  change  for  the  case  of  high 
sediment  inflow  in  both  the  channel  ocean  reach  and  the  downstream  portion  of 
the  concrete  reach  were  slightly  different.  To  represent  the  general 
magnitude  of  deposition,  a  deposition  design  profile  was  developed  that 
encompassed  the  bed  changes.  The  deposition  design  profile  starts  at  Station 
272+60  at  elevation  23.0  feet  NGVD,  extends  downstream  at  a  slope  of  0.001072 
to  Station  56+35.  At  Station  56+35,  the  deposition  profile  breaks  slope  to 
0.00035  and  continues  downstream  to  Station  36+35.  At  Station  36+35,  the 
deposition  profile  again  breaks  slope  to  0.001478  and  continues  downstream  to 
the  ocean  outlet  at  river  mouth  Station  8+55  at  elevation  -5.0  feet  NGVD. 

This  deposition  design  profile  was  also  analyzed  for  sensitivity  by  applying  a 
higher  "n"  value  of  0.03  in  all  reaches  in  the  HEC-6  model.  The  results 
indicated  that  the  depositional  bed  change  was  below  the  depositional  design 
profile  at  the  peak  of  the  design  flood.  No  significant  bed  change  occurred 
in  the  concrete  reach  upstream  of  Station  272+60  to  the  concrete  inlet  and  in 
the  revised  channel  in  the  golf  course  reach.  The  results  obtained  in  the 
drop  structure  reach,  including  the  lowered  drop  structure  at  Station  689+85, 
were  the  same  as  shown  in  the  main  report  (see  pi.  11).  Plates  2A  and  3A 
display  the  design  streambed  profiles  with  and  without  sedimentation, 
respectively,  over  the  entire  reach  from  the  Pacific  Ocean  to  the  improved 
channel  inlet  upstream  of  Weir  Canyon  Road  bridge.  Using  the  combination  of 
the  deposition  design  profile  in  the  reaches  of  aggradation  with  the  design 
invert  slopes  in  the  other  reaches,  the  design  water  surface  profile  was 
computed  and  the  levee  heights  were  determined  as  described  in  the  hydraulic 
design  report. 

The  HEC-6  analysis  for  the  other  design  case  of  levee  toe  depth  was 
performed  for  just  the  trapezoidal  channel  downstream  of  the  concrete  channel 
inlet.  The  HEC-6  analysis  was  conducted  by  setting  the  inflowing  sediment 
load  to  zero  at  the  concrete  channel  inlet.  The  HEC-6  results  for  general 
degradation  in  the  channel  ocean  reach  were  slightly  greater  that  the  results 
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of  the  Phase  I  configuration.  The  maximum  general  degradation  was  about  9 
feet  below  the  design  invert  in  the  portion  of  the  channel  ocean  reach  Just 
downstream  of  the  concrete  channel.  Based  on  these  results,  the  levee  toe 
depths  were  increased  from  6  feet  to  a  minumum  of  10  feet  below  the  design 
invert  for  the  entire  length  of  the  earth  bottom  channel  ocean  reach.  The 
levee  toe  analysis  and  results  for  the  drop  structure  reach  can  be  found  in 
the  main  report. 

4.2  Average  Annual  Deposition  and  Sand  Outflow:  The  average  annual 
deposition  and  sand  outflow  was  analyzed  for  the  trapezoidal  channel  using  the 
incremental  probability  method.  The  method  was  applied  in  the  HEC-6  analysis 
for  the  design  flood,  100-,  50-  ,  25-,  and  10-year  floods  to  determine  the 
volume  of  deposition  and  sand  outflow  for  each  flood.  Table  1A  summarizes  the 
deposition  and  sand  outflow  quantities. 

Table  1A.  Sediment  Yield  for  Various  Flood 
Downstream  Trapezoidal  Channel. 


Flood 

(year) 

Sediment 
Deposition 
(xIOOO  yd3) 

Sand 
Outflow 
(xIOOO  yd3) 

170 

1,590 

2,222 

100 

762 

441 

50 

447 

244 

25 

234 

141 

10 

79 

14 

Annual 

37 

30 

The  results  indicate  an  increase  in  the  average  annual  deposition  from  31,000 
cubic  yards  for  the  Phase  I  channel  configuration  to  37,000  cubic  yards  for 
the  trapezoidal  channel.  The  results  also  show  a  decrease  in  the  average  sand 
outflow  from  36,000  to  30,000  cubic  yards.  Using  the  upper  grade  limit  with  a 
corresponding  volume  of  660,000  cubic  yards,  sediment  will  have  to  be  removed 
from  the  downstream  channel  reach  on  an  average  of  once  every  18  years.  It 
should  be  noted  that  because  the  annual  volume  of  water/sediment  can  vary 
significantly,  the  average  annual  deposition  rate  and  maintenance  are 
considered  long  tens  averages.  No  sediment  removal  maintenance  is  anticipated 
in  the  concrete  reach  upstream  of  Station  223+35  and  in  the  drop  structure 
reach,  including  the  golf  course. 
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I.  INTRODUCTION 


1-01  The  following  text  details  the  background  and  authority,  purpose, 
scope,  and  basic  assumptions  of  this  appendix. 


Background  and  Authority 

1-02  A  "Review  Report  for  Flood  Control,  Santa  Ana  River,  Malnstem", 
dated  December  1975,  was  prepared  by  the  Los  Angeles  District,  Corps  of 
Engineers.  It  presented  a  plan  of  trails  and  other  recreation 
facilities  to  be  developed  with  the  proposed  Santa  Ana  River  flood 
control  project. 

1-03  Subsequent  to  the  Review  Report  was  the  preparation  of  the  Phase  I 
General  Design  Memorandum.  The  purpose  of  the  Phase  I  General  Design 
Memorandum  was  to  examine  the  1975  Review  Report  and  to  affirm  the 
validity  of  the  previous  plan  in  light  of  current  conditions  and 
criteria,  or  to  re-formulate  the  plan  as  required  by  such  conditions  and 
criteria.  Nearly  5  years  had  elapsed  since  the  Survey  Report  study 
conclusions  had  been  made. 

1-04  The  initial  study  of  recreation  potential  for  the  Santa  Ana  River 
Mainstem,  Santiago  Creek,  and  Oak  Street  Drain  was  authorized  by  the 
Federal  Water  Project  Act  of  1965,  and  as  required  by  the  Federal  Water 
Project  Recreation  Act  of  1965,  Public  Law  89-72,  whereby  full 
consideration  must  be  given  to  the  opportunities  for  public  outdoor 
recreation  afforded  by  the  water  resource  development  project.  The 
Water  Resource  Development  Act  of  1976,  Section  109,  authorized  the 
Phase  I  advanced  engineering  and  design  for  the  Santa  Ana  River  Project. 
The  Phase  I  General  Design  Memorandum,  including  recreation  as  a  project 
purpose  was  submitted  in  September  1980,  and  approved  in  January  1982. 
The  recommended  plan  for  recreation  development  proposed  for  the  Santa 
Ana  River  Mainstem  and  Santiago  Creek  was  found  to  be  economically 
justified  and  desirable.  Authorization  for  construction  of  the  Santa 
Ana  River  Mainstem  Project,  including  Santiago  Creek,  was  contained  in 
the  Water  Resource  Development  Act  of  1986. 
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Purpose 


1-05  The  purpose  of  this  appendix  is  to  identify  the  recreational  and 
environmental  resources  along  the  mainstem  of  the  Santa  Ana  River  Flood 
Control  Project,  present  public  use  projections,  and  show  the  level  of 
recreational  development  appropriate  to  accommodate  the  anticipated  use. 
The  appendix  will  also  serve  as  a  general  guide  to  the  orderly  and 
coordinated  development  and  management  of  the  environmental  resources  of 
the  project  lands.  Cost  estimates  for  the  proposed  recreation 
facilities  are  provided.  The  Santa  Ana  River  Flood  Control  project  has 
been  authorized  as  a  local  protection  project  and  as  a  result  no  Master 
Plan  will  be  prepared.  The  information  contained  in  the  Phase  II 
General  Design  Memorandum  is  considered  sufficient  for  the  preparation 
of  plans  and  specifications. 


Scope 

1-06  The  coverage  of  this  appendix  is  limited  to  specific  information 
k  required  to  insure  an  understanding  of  the  basic  recreational  and 

environmental  resources  inherent  within  the  Mainstem  Feature  of  the 
Santa  Ana  River  Flood  Control  Project.  The  Information  provided 
consists  of  the  demographic  characteristics  of  the  project  area; 
topographical,  geological  and  ecological  features;  a  narrative 
description  of  existing  and  proposed  recreational  facilities,  market 
area  analysis,  projected  development  costs,  and  coordination  activities 
involving  other  agencies.  The  intent  of  this  appendix  is  to  present  a 
plan  for  the  public  use  of  project  lands  that  is  compatible  with  the 
preservation  of  existing  environmental  resources. 


Basic  Assumptions 

1-07  The  Corps  participation  along  the  mainstem  of  the  Santa  Ana  River 
for  recreation  improvements  is  limited  to  lands  acquired  for  flood 
control  purposes.  Lands  outside  the  flood  control  rights-of-way  may  be 
acquired  for  health,  safety,  and  public  access  on  a  cost  shared  basis  if 
required.  Flood  control  improvements  by  the  Corps  consist  of  channel 
improvements  between  the  Pacific  Ocean  and  Weir  Canyon  Road, 
construction  of  a  levee  within  the  canyon  at  Green  River  Golf  Course, 
and  an  inlet  structure  just  below  Route  71. 

1-08  The  recreation  plan  for  the  Santa  Ana  Mainstem  was  developed  in 
conjunction  with  the  Resource  Use  Master  Plan  at  Prado  Dam  and  the 
Santiago  Creek  recreation  plan  in  order  to  maintain  continuity  of  the 
Mainstem  recreation  system.  All  features  will  be  designed  in  an 
efficient  and  economic  manner  to  reduce  operation  and  maintenance  costs. 

1-09  The  Environmental  Management  Agency  (EMA)  of  the  County  of  Orange 
is  implementing  a  master  plan  of  countywide  bikeways.  This  plan  was 
originally  adopted  by  the  Orange  County  Board  of  Supervisors  on 
September  29,  1971  as  a  component  of  the  recreation  element  of  Orange 
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County’s  General  Plan,  and  on  September  23,  1980  ratified  it  as  a 
component  of  the  transportation  element  of  the  general  plan.  In 
conjunction  with  this  plan  is  an  adopted  county  wide  master  plan  for 
riding  and  hiking  trails,  dated  September  1984.  The  county  of  Riverside 
has  also  developed  a  bike  and  equestrian  trail  network  within  the  county 
boundary.  Local  city  bicycle  and  equestrian  routes  would  also  make 
connection  to  the  regional  trail  in  order  to  establish  community  links 
with  the  30-mile  system.  The  proposed  Santiago  Creek  bicycle  trail, 
located  within  the  vicinity  of  River  View  Golf  Course,  will  also  provide 
an  additional  important  segment  or  link  to  the  overall  regional  trail 
network. 

1-10  Much  of  the  existing  trail  system,  including  the  bridge 
underpasses,  was  partially  funded  under  the  Land  and  Water  Conservation 
Fund  Act  of  1965.  This  act  requires  that  any  removed  facilities  be 
replaced  with  ones  of  equal  value  and  utility  (Section  5F  of  Public  Law 
(88-579).  With  the  proposed  flood  control  improvements,  most  of  the 
existing  Lower  Santa  Ana  River  trails  and  bridge  underpasses  will  be 
removed  due  to  channel  widening  and  rebuilding.  They  will  be  replaced 
as  part  of  the  flood  control  project.  Their  replacement  will  be  treated 
as  a  relocation  cost.  Under  current  cost-sharing  policies,  relocation 
is  100  percent  a  local  cost. 

1-11  For  the  purpose  of  this  report,  28.5  miles  of  Lower  Santa  Ana 
River  trail  is  considered  a  relocation.  Improvements  to  the  remaining 
3.5  miles  of  trails  is  discussed  in  sections  5-03  through  5-06. 

1-12  Development  of  previously  agricultural  and  open  space  lands  has 
dramatically  increased  the  population  of  the  area  adjacent  to  the  flood 
control  project.  The  increased  urbanization  has  produced  an  urgent  need 
for  additional  recreation  facilities. 


II.  DESCRIPTION  OF  PROJECT  AREA 


2-01  A  comprehensive  description  of  the  project  area  is  included  in  the 
Environmental  Impact  Statement.  Project  area  features  covered  in  this 
section  are  pertinent  only  to  the  formulation  of  the  recreation  plan. 

2-02  Below  Prado  Dam,  the  Santa  Ana  River  enters  Orange  County  via  the 
Santa  Ana  Canyon,  flowing  in  a  southwesterly  direction.  It  follows  a 
natural  meandering  course  for  approximately  7  miles  to  Weir  Canyon 
Road.  Beginning  here,  the  river  becomes  channelized.  Continuing  on  its 
way  to  the  ocean,  from  Imperial  Highway  to  Katella  Avenue,  the  river 
flows  through  a  series  of  water  spreading  basins,  controlled  by  the 
Orange  County  Water  District.  Now  heading  in  a  south-southwesterly 
direction,  it  crosses  the  coastal  plain  in  Orange  County  to  the  Pacific 
Ocean  at  Huntington  Beach.  A  salt  water  marsh  is  located  on  the  east 
side  of  the  channel  at  the  river's  mouth. 


Biological  and  Ecological  Features  and  Resources 

2-03  Santa  Ana  Canyon  supports  a  relatively  high  value  natural  riparian 
habitat  for  over  200  species  of  plant  and  animal  life.  These  include 
herons,  hawks,  quail,  mice,  racoons,  coyotes  and  gray  fox.  Vegetation 
along  the  river  varies  considerably.  In  areas  downstream  of  the  canyon 
little  vegetation  exists,  especially  near  the  coast.  The  mouth  of  the 
Santa  Ana  River  is  ecologically  sensitive  and  therefore  has  been 
eliminated  from  extensive  recreation  planning.  Within  Orange  County, 
the  output  from  sand  and  gravel  mining  operations  along  the  river  was  at 
one  time  the  second  highest  in  the  State.  Other  minerals  have  been 
found  in  the  canyon  but  not  in  quantities  sufficient  to  allow  for 
profitable  operations.  The  names  of  Coal  Canyon  and  Gypsum  Canyon, 
which  enter  the  Santa  Ana  Canyon,  are  indicators  of  earlier  mining 
operations. 
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Climate 


2-04  The  climate  is  mediterranean  (mild  winters  and  hot  summers).  Dry, 
seasonal  winds  called  the  "Santa  Anas,"  come  from  the  desert  areas  to 
the  northeast  and  east.  Annual  precipitation  averages  12  inches  per 
year,  with  92  percent  of  it  falling  between  November  and  April. 

2-05  Climate  conditions  in  the  Immediate  coastal  area  are  directly 
influenced  by  the  surrounding  marine  air  conditions  which  produce 
moderate  to  hot  summers  and  mild  winters.  There  is  moderate  to  heavy 
fog  occurring  primarily  from  mid-December  to  March.  Low  clouds  are 
mainly  restricted  to  the  late  afternoon  to  mid-mornings. 


Topography 

2-06  The  Lower  Santa  Ana  River  basin  is  relatively  flat  with  a  gradient 
suited  for  both  a  bicycle  and  equestrian  trail.  Elevations  vary  from 
-6  feet  near  the  mouth  to  +450  feet  at  the  upstream  drop  structure 
(sta.  1607+50),  a  distance  of  30  river  miles.  Surrounding  the  Santa  Ana 
Canyon  are  mountain  ranges  separated  by  an  intermediate  valley  with  the 
low  lying  Chino  Hills  to  the  north  and  the  Santa  Ana  Mountains  to  the 
south.  The  remaining  route  of  the  river  is  through  the  generally  level 
coastal  plain. 


Geology  and  Soil  Characteristics 

2-07  The  coastal  plain,  a  physiographic  and  structural  basin,  contains 
a  thick  sequence  (up  to  30 i 000  feet)  of  chiefly  marine  and  nonmarine 
clastic  sedimentary  rocks  overlying  igneous  and  metamorphic  basement 
rocks.  These  sediments  derived  from  surrounding  highland  areas,  were 
deposited  in  the  ever  deepening  basin;  an  ongoing  process  which  during 
the  most  recent  geologic  time  has  resulted  in  the  accumulation  of  up  to 
several  hundred  feet  of  alluvium  in  modern  stream  channels  and 
associated  floodplain  and  alluvial  fans,  and  beaches. 


Access  and  Circulation 

2-08  The  urbanized  section  of  the  Lower  Santa  Ana  River  is  crossed  by 
many  arterial  roads  as  well  as  one  major  highway  (Pacific  Coast  Highway) 
and  five  freeways  (Garden  Grove,  Riverside,  Santa  Ana,  Orange,  and  San 
Diego).  Access  to  the  bicycle  and  equestrian  trails  would  be  provided 
at  all  street  crossings. 

2-09  Due  to  the  dense  urbanization  of  the  area  between  Weir  Canyon  Road 
and  the  Pacific  Coast  Highway  arterial  roads  are  subject  to  extremely 
heavy  traffic  conditions  that  discourage  their  use  by  most  bikers.  The 
bike  and  equestrian  trails  provide  a  safe  transporation  corridor  through 
this  region  and  encourage  increased  use  of  the  Santa  Ana  River  Regional 
Trail  System.  Completion  of  both  trails  in  the  Santa  Ana  Canyon  will 
maximize  trail  usage  by  providing  connecting  links  to  other  inter-county 
and  city  trail  systems. 
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Operational  Limitations 


2-10  Disruption  to  trail  use  will  occur  during  reconstruction  of  the 
river  channel,  bridges,  and  bridge  ramp  undercrossings  which  may 
effectively  close  the  trails  for  years.  During  construction  periods, 
temporary  routes  would  need  to  be  provided  to  assure  the  maximum  interim 
use  possible  of  the  public  trail  facilities. 

2-11  The  proposed  bicycle  and  equestrian  trails  at  Green  River  Golf 
Course  cross  underneath  the  Santa  Fe  Railroad  bridge.  An  easement  from 
the  railroad  must  be  acquired  in  order  to  allow  trail  access  through 
this  area.  To  date  the  railroad,  anticipates  no  problems  with  granting 
this  access,  pending  review  of  final  design.  In  the  event  the  easement 
is  denied,  undercrossings  of  both  trails  would  need  to  be  re-studied  for 
development  of  alternative  routes. 

2-12  Storm  conditions  could  produce  high  velocity  flows  within  the 
river.  Equestrian  use  of  the  riverbed  wet  crossings  during  these 
conditions  will  be  interrupted  periodically.  Streamflow  during 
non-storm  conditions  are  anticipated  to  range  from  200  to  300  cfs. 


III.  RECREATION  MARKET  AREA 


Boundaries/Region  Served 

3-01  The  recreation  market  area  for  the  Lower  Santa  Ana  River  Flood 
Control  Project  consists  of  those  residents  located  within  5  miles  of 
the  river's  centerline,  from  the  Orange  County  border  to  the  Pacific 
Ocean.  This  area  and  distance  were  chosen  because  5  miles  is  considered 
to  be  a  reasonable  travel  distance  for  use  of  a  regional  trail.  It  is 
anticipated  that  a  minimum  of  80  percent  of  the  day  use  of  the  bike 
trail  would  originate  within  this  zone.  Additional  usage  from  outside 
the  market  area  is  also  anticipated  because  the  trail  makes  efficient 
use  of  the  channel  right-of-way  and  encourages  alternate  transportation 
modes  within  the  urban  area,  it  provides  direct  access  to  major 
recreational  areas,  and  serves  as  a  link  to  the  trail  corridor  extending 
up  Santiago  Creek.  Because  the  Corps  development  would  be  an  integral 
part  of  the  30-mile  proposed  trail  system,  market  area  and  demand  have 
been  analyzed  for  the  entire  Lower  Santa  Ana  River  trail  corridor. 


Socio-Economic  Characteristics 

3-02  Users  of  the  trail  system  will  come  primarily  from  portions  of 
12  Orange  County  cities  that  lie  within  the  lower  basin  area.  Those  are 
Yoroa  Linda,  Placentia,  Fullerton,  Villa  Park,  Anaheim,  Orange,  Garden 
Grove,  Santa  Ana,  Fountain  Valley,  Huntington  Beach,  Costa  Mesa,  and 
Newport  Beach.  Over  1,000,000  people  reside  or  work  within  this  area. 
Projected  populations  for  the  Lower  Santa  Ana  River  market  area  are 
snown  in  the  table  below.  The  market  area  for  Santiago  Creek  overlaps 
portions  of  the  Lower  Santa  Ana  River  market  area  and  therefore  has  been 
netted  out  of  the  5-mile  service  area. 
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Table  D-1.  Projected  Population1  in  Lower  Santa 
Ana  Market  Area,  1980-2000 


1956 

~  1985 

1990 

1995 

2000 

931,394 

1,004,696 

1,055,731 

1,109,599 

1,138,710 

1  Based  on  information  provided  by  Southern  California 
Association  of  Governments  and  Orange  County  Preferred 
Projections  1985  (Orange  County  Department  of  Adminis¬ 
tration  -  Forecast  and  Analysis  Center). 


According  to  the  U.S.  Bureau  of  Census  it  estimated  the  uncounted 
population  to  be  about  2.5  percent.  The  figures  reflected  in  this 
appendix  do  not  account  for  these  persons. 

3-03  The  lower  basin  is  highly  urbanized  with  mostly  residential 
housing.  The  Santa  Ana  Canyon  area  located  downstream  of  Prado  Dam  to 
Wier  Canyon  Road,  is  the  only  major  area  of  undeveloped  land  in  the 
lower  basin.  Population  growth  has  slowed  because  developable  land 
within  the  basin  has  largely  been  used  up.  Because  the  Santa  Ana  Canyon 
River  Basin  overall  is  thriving  economically,  it  is  a  highly  desirable 
place  to  live.  Employment  growth  in  the  basin  has  continued  strong 
since  the  1975  Survey  Report,  but  has  not  increased  at  as  high  a  rate  as 
the  upper  basin  area.  Income  levels  in  the  lower  basin  remain  higher, 
though,  than  those  in  the  upper  basin.  Manufacturing,  trade,  and 
service  continue  to  dominate  basin  employment.  Pressure  to  develop 
remaining  open  space  remains  high  in  the  lower  basin,  particularly  in 
the  Santa  Ana  Canyon  area.  The  percentage  of  athletically  oriented 
adults  and  children  is  higher  than  average. 


Inventory  of  Existing  and  Proposed  Facilities 

3-04  Currently  existing  trail  development  in  the  lower  reach  of  the 
Santa  Ana  River  includes  26  miles  of  bicycle  and  equestrian  trails 
extending  from  the  Pacific  Ocean  up  to  Gypsum  Canyon  Road. 

Additionally,  in  the  Santa  Ana  Canyon,  between  Gypsum  Canyon  Road  in 
Feather ly  Regional  Park  and  the  Green  River  Golf  Course  entrance  is 
2.5  miles  of  bicycle  and  equestrian  trails.  The  existing  and  proposed 
facilities  are  shown  on  plates  1  through  5. 

3-05  The  existing  trails  Include  underpasses  at  all  bridges  and  access 
to  trails  at  all  street  crossings.  In  addition,  access  is  available 
from  three  adjoining  Orange  County  regional  parks — Centennial,  Yorba, 
and  Featherly,  plus  two  local  parks,  located,  respectively,  in  Santa  Ana 
and  Huntington  Beach. 
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3-06  The  bike  trail  currently  has  four  bridges  crossing  the  trail  over 
the  river,  with  three  additional  bridges  proposed.  The  equestrian  trail 
has  one  proposed  bridge  crossing  and  four  proposed  wet  crossings  (pis.  1 
and  2).  The  four  wet  crossings  are  located  in  the  canyon  area  where  the 
river  is  not  channelized.  There  are  private  horse  rental  and  boarding 
stables  adjacent  to  the  equestrian  trail  at  several  locations  in  the 
city  of  Anaheim  and  Santa  Ana  canyon. 

3-07  Eight  trail  rest  stops  currently  exist  along  the  entire  channel 
reach.  The  local  cost  sharing  agency  has  no  plans  to  develop  additional 
sites  at  this  time.  Because  the  lower  28.5  miles  of  trail  system,  from 
Featherly  Regional  Park  to  the  Pacific  Ocean,  is  considered  strictly 
replacement,  any  improvements  to  the  trail  within  this  reach  will  not  be 
eligible  for  cost  sharing  and  therefore  must  be  funded  entirely  by  the 
local  agency. 

3-08  In  order  for  both  trails  to  run  continuously  along  the  entire 
system  all  proposed  new  bridge  construction  and  replacement  must  be 
completed . 

3-09  Future  development  of  bicycle  and  equestrian  trails  below  Prado 
Dam  would  consist  of  completing  the  remaining  trails  planned  under  the 
countywide  master  plan  for  Orange  County  and  local  city  wide  plans  to 
establish  community  links  with  the  Santa  Ana  River  regional  trail 
system.  For  example,  the  city  of  Yorba  Linda  has  12  miles  of  equestrian 
and  hiking  trails  that  could  tie  into  the  Santa  Ana  River  trail. 

3-10  The  most  significant  recreation  facility  imposing  major  impacts  on 
the  lower  river  is  the  Chino  Hills  State  Park  development,  located 
directly  west  of  Prado  Basin  (pi.  2).  The  proposed  system  of  trails, 
campsites,  picnic  areas  and  open  space  will  form  a  land  use  interface 
with  adjacent  recreational  areas  including  the  Santa  Ana  River  trails. 
The  State  Department  of  Parks  and  Recreation  estimates  that  final 
development  of  the  recreation  facilities  will  include  42  miles  of 
equestrian  trails  and  18  miles  of  bicycle  trails. 

3-11  Demand  for  recreational  activities  proposed  for  the  Lower  Santa 
Ana  River  is  based  upon  the  application  of  per  capita  participation 
rates  to  the  market  area  population  5  years  of  age  and  older.  The 
recreation  market  area  had  a  trail  demand  of  over  11.3  million  activity 
days  during  peak  summer  months  in  1985  and  will  have  over  22.8  million 
activity  days  during  peak  summer  months  in  the  year  2000.  This  is  based 
upon  summer  season  per  capita  particiation  rates  and  growth  factors 
provided  in  the  Orange  County  Recreation  Needs  and  Regional  Park  Study 
(table  D-2).  ~  “  '  ~  '  ” 
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Table  D-2.  Potential  Trails  Demand  for  Lower  Santa  Ana  River 
Market  Area  For  Summer  Season ' ,  1 985  and  2000 . 


Per  Capita  Market 

Participation  Rates2 _ Area 


1985 

2000 

1985 

2000 

Population 

Five  Years  of  Age 
&  Over  (thousands)’ 

NA 

NA 

894,179 

1,024,839 

Activities 

Bicycling 

Horseback  Riding 

12.15 

.52 

21.50 

.83 

10,864,274 

464,973 

22,034,038 

50,616 

Total  Trails  Demand 

11,329,247 

22,884,654 

1 .  Memorial  Day  through  Labor  Day . 

2.  For  Population  Five  Years  of  Age  and  Older. 

3.  89%  of  Total  Population  in  1985,  90$  in  2000. 


3-12  The  Lower  Santa  Ana  River  trails  could  accommodate  approximately 
.4  percent  of  ultimate  trails  demand  in  1990  and  .2  percent  of  ultimate 
demand  in  2000.  This  is  based  upon  a  maximum  peak  season  use  of  55,242 
shown  in  the  following  table  D-3. 
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IV.  RESOURCE  USE  OBJECTIVES 


Definition 

4-01  Resource  use  objectives  state  the  scope  and  intent  of  planning 
within  which  the  proposed  plan  of  physical  development  was  formulated 
and  outline  the  plan  for  optimum  use  of  project  lands  and  resources. 

4-02  The  upper  portion  of  the  lower  river  reach  starts  in  the  Santa  Ana 
Canyon,  where  Green  River  Golf  Course,  owned  and  operated  privately,  is 
bisected  by  the  river's  natural  course.  This  area  provides  an 
outstanding  example  of  a  natural  riparian  community.  The  Santa  Ana 
Canyon  is  one  of  the  few  remaining  open  space  habitats  in  the  area. 

Below  this  reach  of  the  river,  starting  just  upstream  of  Weir  Canyon 
Road,  the  river  becomes  channelized  for  23  miles  to  the  Pacific  Ocean. 
The  river  is  completely  contained  within  channel  levees  to  protect  the 
densely  populated,  broad,  gently  shaped  coastal  plain  of  Orange 
County.  There  are  several  spreading  basins  in  this  23-mile  reach. 


Basic  Objectives 

4-03  The  basic  objectives  are  outlined  below: 

a.  To  provide  a  high  quality  experience  for  bicycling,  hiking  and 
equestrian  riding  opportunities  through  a  well-planned  trail 
system.  Those  sections  within  the  flood  control  right-of-way 
not  stipulated  for  channelization  or  as  prime  floodways  are 
excellent  resource  areas  for  trail  development.  Esthetic 
treatment,  provision  for  convenient  comfort  facilities, 
multi-seasons  use  capability  and  convenient  public  access  are 
necessary  for  a  quality  experience. 

b.  To  locate  trails  and  ancillary  facilities  with  respect  to 
resources  sensitive  to  human  use. 


o.  To  interpret  the  project  resources  to  the  public.  Public 

education  of  the  value  of  the  Lower  Santa  Ana  River’s  natural 
ecological  systems  would  be  increased  through  personal 
interactions  and  experiences  with  the  natural  environment. 

d.  To  limit  incompatible  development.  Trails  would  be  built  in  a 
manner  which  is  in  harmony  with  surrounding  and  abutting  uses. 
Landscaping  would  provide  shade  and  screening.  General  esthetic 
treatments  would  benefit  both  the  trail  users  and  abutting  land 
users.  Structures  and  signage  should  be  consistent  with  the 
surrounding  environment. 


Resource  Use  Objectives 

4-01!  Objective  1:  To  provide  a  scenic,  safe,  high  quality  bicycle  and 
equestrian  trail  that  would  function  as  an  integral  component  of  the 
32-mile  Santa  Ana  River  Regional  Bicycle  Trail. 

(Discussion)  The  analysis  of  pertinent  factors  indicates  there 
exists  a  high  demand  for  regional  bicycle  and  equestrian  trail 
development.  No  additional  Class  I  trails  are  currently  planned  within 
the  market  area  that  would  compete  with  the  32-mile  Lower  Santa  Ana 
River  Regional  trail.  The  County  of  Orange  has  indicated  that 
development  of  a  county-wide  bikeway  system  would  increase  the  use  of 
regional  recreation  sites  within  or  on  the  edge  of  the  metropolitan 
zone.  This  project,  with  its  outstanding  scenic  qualities  within  the 
canyon  and  its  central  location,  provides  a  key  segment  in  this 
Integrated  system.  The  County  of  Orange  has  funded  construction  of 
other  downstream  portions  of  this  trail  system  with  the  expectation  of 
Corps  involvement.  Increased  urbanization  of  the  lands  surrounding  the 
flood  control  project  would  provide  a  high  user  rate  for  the  bicycle 
trail.  With  the  trails  gradient  suited  for  bicycle  users,  a  more 
enjoyable  experience  will  be  provided. 

M-05  Objective  2:  To  develop  an  erosion  control  and  esthetic  treatment 
plan  to  complement  the  flood  control  project. 

(Discussion)  Construction  of  the  flood  control  channel  would 
disrupt  the  surrounding  natural  environment.  Vegetation  provided  for 
erosion  control  and  esthetic  treatment  should  be  compatible  with  the 
existing  native  vegetation  located  within  immediate  surroundings, 
thereby  maintaining  the  identity  and  character  of  that  particular  area 
in  addition  to  providing  for  screening,  shading  and  visual  enhancment. 
Certain  non-native  plant  material  noted  for  its  color,  foliage  and/or 
flower  could  be  introduced  along  the  lower  reach  provided  it  is 
compatible  with  the  plant  communities  being  established. 
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V.  RECOMMENDED  PLAN  OF  PHYSICAL  DEVELOPMENT 


General 

5-ul  The  availability  of  prime  vacant  land  in  the  middle  of  a  heavily 
urbanized  area,  in  conjunction  with  the  need  to  provide  safe  bicycling 
and  equestrian  trails  for  recreation  and  transportation,  has  provided 
the  impetus  for  providing  recreation  facilities  as  an  integral  element 
of  the  Lower  Santa  Ana  River  Flood  Control  Project.  As  a  result  of 
previously  unrestrained  commercial  and  residential  growth  in  the 
northern  Orange  County  area,  lands  available  for  open  space,  and 
recreation  are  rapidly  decreasing.  Lands  adjacent  to  and  made  available 
for  the  single-purpose  use  of  flood  control  provide  a  logical  choice  for 
multipurpose  recreation  enhancement.  The  optimum  use  of  flood  control 
lands  is  based  on  the  consideration  of  the  open  space  potential  of  such 
lands.  This  consideration  establishes  the  interrelationship  between 
flood  control  and  recreation  use. 

5-02  Corps  participation  in  the  Lower  Santa  Ana  River  trail  would  be 
cost  shared  development  of  approximately  3.5  miles  of  paved  bike  trail 
and  4.0  miles  of  graded  equestrian  trail,  located  entirely  in  the  Santa 
Ana  Canyon  area.  Beginning  at  Green  River  Golf  Course,  both  trails 
would  connect  to  the  28.5  miles  of  replaced  downstream  trails  and  would 
both  terminate  just  below  Route  71  at  river  station  number  1607+50 
(see  pi.  2) . 


Proposed  Trail  System 

5-03  The  proposed  flood  control  project  in  the  Green  River  Golf  Course 
area  provides  for  a  levee  on  the  south  side  of  the  river.  Starting  at 
the  Santa  Fe  railroad  bridge,  it  extends  downstream  for  approximately 
2600  feet,  ending  just  upstream  of  the  Green  River  Golf  Course  entrance 
bridge.  The  12-foot-wide  asphalt  bike  trail  would  run  along  the  top  of 
this  levee  after  crossing  over  the  bridge  road.  It  then  crosses  under 
the  AT&SF  railroad  bridge  and  turns  west  over  the  river  across  a  new 
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bicycle  bridge.  Once  across,  the  trail  would  then  run  parallel  with  the 
railroad  tracks  on  a  separate  lower  graded  surface,  approximately 
1800  feet,  then  follows  the  Santa  Ana  River  Regional  Interceptor  (SARI) 
right-of-way  to  its  connection  point  with  trails  going  into  Prado  Basin 
(sta.  1607+50)  -  (see  pi.  2).  Support  facilities  such  as  restrooms  and 
drinking  fountains  have  not  been  proposed  for  development  along  this 
reach  of  trail  system  because  utility  connections  are  not  available,  and 
the  remote  location  would  encourage  vandalism  resulting  in  excessive 
operation  and  maintenance  costs.  The  County  of  Riverside  is  currently 
proceeding  with  a  request  for  a  30-foot  trail  easement  from  the  Santa 
Ana  Watershed  Project  Authority  (SAWPA)  which  has  controlling  authority 
over  the  right-of-way. 

5-04  The  railroad  tracks  are  not  within  the  floodplain  area,  as  the 
trails  are,  but  are  located  on  a  raised  graded  surface,  primarily  to 
separate  the  tracks  for  safety  and  clear  lines  of  sight. 

5-05  The  proposed  equestrian  trail  begins  further  downstream  across  the 
river  from  the  eastern  most  boundary  of  Feather ly  Regional  Park, 
approximately  at  station  1429+25.  A  wet  crossing  from  Feather ly  Park 
picks  up  the  new  section  of  trail  on  the  north  river  bank  From  this 
point  the  trail  runs  parallel  to  and  between  the  Santa  Fe  railroad 
tracks  and  the  Green  River  Golf  Course  until  it  reaches  the  river  (see 
pi.  2).  The  trail  then  swings  under  the  railroad  bridge,  to  the  left  and 
continues  along  si<_e  the  bicycle  trail  from  this  point  on  until  river 
station  1607+50,  where  the  trails  into  Prado  Basin  will  connect. 

5-06  Once  completed,  the  entire  32-mile  system  of  trails  would  provide 
direct  off  road  access  to  major  recreational  facilities  at  the  Pacific 
Ocean  and  proposed  facilities  within  Prado  Basin  and  Chino  Hills  State 
Park.  The  trail  is  a  significant  element  in  a  comprehensive  recreation 
plan,  consisting  of  a  mountains-to-3ea  trail  corridor,  extending  from 
the  Pacific  Ocean  to  the  San  Bernardino  National  Forest,  and  tying  into 
the  Pacific  National  Trail  as  well  as  various  local  and  community  parks 
adjacent  to  the  trail  corridor.  The  trail  would  support  national  and 
state  goals  to  reduce  energy  consumption  by  helping  to  minimize 
dependence  on  motor  vehicle  transportation  to  recreation  areas. 


} 


VI. 


COORDINATION  WITH  OTHER  AGENCIES 


6-01  The  following  Federal,  State,  County,  and  local  agencies  have  been 
contacted.  The  roles  they  played  in  the  planning  and  coordination  of 
the  proposed  plan  are  briefly  summarized. 


Federal  Agencies 

6-02  There  was  no  involvement  with  other  Federal  agencies  in  the 
development  of  the  recreation  plan  for  the  Lower  Santa  Ana  River. 


State  Agencies 

6-03  California  State  Parks  and  Recreation  Department  was  contacted  for 
information  regarding  the  proposed  Chino  Hills  State  Park  and  general 
recreation  planning  data  for  southern  California.  The  California 
Transportation  Department  (CALTRANS)  was  contacted  regarding  the  design 
and  construction  schedule  of  the  Pacific  Coast  Highway  bridge  at  the 
mouth  of  the  Santa  Ana  River. 


Count.,  Agencies 

6-04  The  County  of  Orange,  Department  of  Parks  and  Recreation, 
Transportation  Planning  Division  and  the  Department  of  Administration- 
Forecast  and  Analysis  Center.  Contacts  were  made  concerning  local 
planning  in  regard  to  replaced  portions  of  the  of  downstream  bicycle  and 
equestrian  trails,  development  of  the  recommended  plan  for  trails 
through  Santa  Ana  Canyon,  and  demographic  information. 

6-05  County  of  Riverside,  Parks  Department.  This  agency  was  contacted 
development  of  the  recommended  plan  for  recreation  trails  through  Santa 
Ana  Canyon. 
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Local  Groups 


6-06  Cities  of  Newport  Beach  and  Huntington  Beach.  Contact  was  made 
with  these  agencies  concerning  the  design  of  the  bicycle  trail  at  the 
mouth  of  the  Santa  Ana  River. 

6-07  Huntington  Beach  Wetlands  Conservancy.  Coordination  was  made  with 
this  agency  concerning  local  planning  and  design  of  the  bicycle  trail  at 
the  mouth  of  the  Santa  Ana  River. 


Special  Problems 

6-08  Disruption  of  trail  use  will  occur  during  reconstruction  of  the 
river  channel,  bridges,  and  bridge  ramp  underpasses.  This  could 
effectively  close  the  already  existing  portions  of  trail  for  years. 
However,  according  to  County  policy,  the  lead  agency  responsible  for  the 
project  at  hand,  would  be  required  to  undertake  measures  to  provide 
bypass  routes  in  order  to  assure  maximum  interim  use  of  the  public  trail 
facility. 

6-09  In  the  event  that  the  Santa  Fe  Railroad  does  not  process  the 
easement  request  for  access  underneath  their  railroad  trestle,  both  the 
bicycle  and  equestrian  trails  would  need  to  be  redesigned  in  order  to 
access  trails  going  into  Prado  Dam. 

6-10  The  existing  recreation  trails  are  considered  as  a  utility,  and 
their  replacement  will  be  treated  as  a  relocation  to  be  funded  by  the 
County  of  Orange.  Portions  of  the  existing  trails  have  been  funded 
under  the  Land  and  Water  Conservation  Fund  Act.  The  County  of  Orange, 
Environmental  Management  Agency,  has  assumed  the  responsibility  of 
determining  what  clearances  or  approvals  are  required  in  connection  with 
this  funding,  or  any  other  grant  funding,  and  initiating  the  appropriate 
action  to  maintain  compliance  with  all  pre-existing  contractural 
agreements  entered  into  by  the  County  of  Orange  and  other  State  and 
Federal  Agencies. 
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VII. 


MANAGEMENT  AMD  COST  SHARING 


7-01  The  operation  and  management  of  all  recreation  facilities  so 
constructed  under  this  authority  will  be  the  responsibility  of  the  local 
cost  sharing  agency. 

7-02  Public  Law  78-53*1,  The  Flood  Control  Act  of  1 9*1*1,  Section  *1, 
authorizes  the  Corps  of  Engineers,  to  construct,  operate  and  maintain 
public  recreational  facilities  at  water  resource  development  projects, 
and  to  permit  local  interests  to  operate  and  maintain  such  facilities. 
Public  Law  89-72,  The  Federal  Water  Project  Recreation  Act  of  1965, 
provides  a  basis  for  the  development  of  recreation  facilities  on  a  cost 
shared  50-50  basis  between  a  local  sponsoring  agency  and  the  Federal 
Government.  Proposed  recreation  facilities  are  consistent  with 
recreation  policy  regulation  ER  1165-2-400,  and  all  subsequent  policy 
directives.  The  paved  top  of  levee  doubling  as  maintenance  and  access 
roads  will  be  charged  to  project  cost  only.  The  proposed  paving  of  the 
bicycle  trail  that  is  off  levee,  is  not  a  feature  of  the  flood  control 
project  and  will  be  charged  to  the  recreation  account.  The  28.5  miles 
of  existing  trails  will  be  treated  as  a  utility  and  relocated  at 
100  percent  local  expense. 


VIII.  ENVIRONMENTAL  QUALITY 


8-01  The  flood  control  project  is  expected  to  have  very  minimal  impact 
on  the  riparian  hahitat  located  directly  adjacent  to  the  Santa  Ana  River 
as  it  runs  within  Santa  Ana  Canyon,  and  no  impact  on  the  surrounding 
grasslands  to  the  north  of  the  river.  A  levee  along  the  east  river 
embankment  will  be  constructed  to  protect  an  existing  mobile  home  park 
(pi.  2),  and  the  bicycle  trail  will  be  located  on  top  of  this  levee.  No 
additional  landscaping  for  recreation  is  proposed  beyond  that  required 
for  erosion  control  and  bank  stabilization  and  thus  no  landscaping  costs 
are  presented  in  table  D— 4 ,  on  page  D-IX-2,  volume  3,  appendix  D. 

8-02  The  Dicycle  trail  will  pass  under  the  existing  Santa  Fe  railroad 
bridge  on  the  east  bank  of  the  Santa  Ana  River,  and  will  cross  to  the 
west  bank  on  a  new  bridge  to  De  constructed  directly  upstream  from  the 
railroad  bridge  (pi.  2).  The  equestrian  trail  will  pass  under  the 
railroad  bridge  on  the  west  bank  and  merge  with  the  bicycle  trail 
immediately  upstream  of  the  railroad  bridge.  From  this  point  on  up  to 
Prado  Dam,  both  trails  will  De  located  on  an  existing  dirt  farm  road 
adjacent  to  tne  Chino  Hills  State  Park  currently  being  developed  by  the 
State  of  California  Department  of  Parks  and  Recreation.  This  stretch  of 
trail  is  on  open  ranch  land  in  a  natural  grassland  environment.  It  has 
Deen  requested  by  the  State  and  the  local  counties  that  we  do  not 
disturb  or  change  the  nature  or  environmental  characteristics  within  the 
Santa  Ana  Canyon.  The  canyon  contains  several  distinct  and  diverse 
biological  communities  ranging  from  the  ephemerally  inundated  community 
along  the  river  through  the  riparian,  grassland,  upland  chaparral,  to 
the  oak  woodland  at  higher  elevations.  The  ecological  value  is  not  only 
in  the  communities  themselves  but  in  the  diverse  and  varied  ecotones 
created  Detween  these  communities.  In  view  of  the  aoove  considerations 
no  additional  landscaping  along  the  recreation  trails  is  proposed 
throughout  this  reacn.  No  landscaping  costs  are  presented  in  table  D-4, 
on  page  D-IX-2.  A  discussion  of  the  recommended  landscape  and  erosion 
control  plan  is  included  in  the  General  Design  Memorandum,  Volume  3,  on 
page  D-XII-1 . 
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IX.  COSTS 


General 

9-01  All  separable  costs  attributed  to  recreation  will  be  cost  shared 
on  a  50/50  basis  with  local  interests.  The  bike  and  equestrian  trails 
will  be  constructed  concurrent  to  the  flood  control  project. 


Cost  Summary  and  Estimate 

9-02  A  detailed  cost  estimate  for  the  proposed  bicycle  and  equestrian 
trails  is  presented  in  table  D-4. 
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TaDle  D-4.  Recreational  Development  Coat  Estimate 
Santa  Ana  River  Canyon 


Unit 

Description 

Quantity 

Unit 

Cost 

Totals 

BiKe  Trail 

18,100 

LF 

17.50 

316,750.00 

Equestrian/HiKing  Trail 

21,375 

LF 

4.50 

66,200.00 

Bridge  (10'  x  90') 

1 

EA 

65,000 

65,000.00 

Signs  (Marxer) 

18,100 

LF 

.25 

4,525.00 

Signs  (Entrance-Directional) 

10 

EA 

600 

6,000.00 

Signs  (Traffic) 

6 

EA 

600 

3,600.00 

Gate 

1 

EA 

1,000 

1,000.00 

Suototal 

463,074.00 

Contingencies 

SuDtotal 

67,926.00 
531 ,000.00 

Engineering  and  Design 

37,000.00 

Supervision  &  Administration 
TOTAL  RECREATION 

32,000.00 

600,000.00 
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PLATE  5-D 


CONTRACT  BETWEEN 
THE  UNITED  STATES  OF  AMERICA 
AND 

COUNTY  OF  ORANGE 
FOR 

RECREATION  DEVELOPMENT 
MAINSTEM  FEATURE 
OF  THE 

SANTA  ANA  RIVER  FLOOD  CONTROL  PROJECT 
SANTA  ANA  RIVER  BASIN,  CALIFORNIA 


THIS  CONTRACT  entered  into  this  _  day  of  _ ,  19 _ by  and 

between  the  UNITED  STATES  OF  AMERICA  (hereinafter  called  the 
"Government"),  represented  by  the  Contracting  Officer  executing  this 
contract  and  the  County  of  Orange  (hereinafter  called  "County"), 

WITNESSETH  THAT: 

WHEREAS,  construction  of  the  lower  reach  of  the  Santa  Ana  River  Flood 
Control  Project,  Santa  Ana  River  Basin,  Orange  County,  California 
(hereinafter  called  the  "Project")  was  authorized  by  the  Flood  Control 
Act  of  1944  (Public  Law  534,  78th  Congress);  and 

WHEREAS,  pursuant  to  Section  4  of  the  1944  Flood  Control  Act,  as 
amended  by  Section  207  of  the  1962  Flood  Control  Act,  as  amendea 
(16  U.S.C.  460d),  the  Government  is  authorized  to  make  contracts  with 
non-Federal  public  bodies  for  development,  management,  and 
administration  of  the  recreation  resources  of  Federal  water  resources 
projects;  and 

WHEREAS,  the  office  of  Chief  of  Engineers  has  established  certain 
policy  for  recreation  development  at  Federal  non-reservoir  water 
resources  projects  consistent  with  Congressional  intent  as  expressed  in 
the  Federal  Water  Resource  Project  Recreation  Act  of  1965  (Public  Law 
89-72). 

NOW,  THEREFORE,  the  parties  agree  as  follows: 

ARTICLE  1  -  DEFINITION  OF  TERMS.  For  the  purpose  of  this  contract 
certain  terms  are  defined  as  follows: 

(a)  First  Costs:  Used  Interchangeably  with  the  terms  "capital 
costs"  and  "project  costs,"  are  the  initial  capital  costs  of  the 
recreation  features  of  the  project,  including:  engineering,  design, 
supervision,  and  administration;  land  acquisition  and  construction. 

(b>  Recreation  lands:  Project  lands  acquired  for  flood  control  or 
other  project  purposes  as  described  in  a  joint  use  agreement  with  the 
Flood  Control  District  of  Orange  County. 

(c)  Recreation  facilities:  Those  facilities  for  recreation  which 
may  be  installed  pursuant  to  this  agreement. 


1 


ATTACHMENT  1 


ARTICLE  2  -  LANDS  AND  FACILITIES. 

(a)  The  County  is  required  to  provide  all  recreation  lands  through 
a  joint  use  agreeement  with  the  Flood  Control  District  of  Orange  County 
(hereinafter  called  the  "District").  Lands  not  required  for  the 
construction  and  operation  of  the  flood  control  project  are  not  subject 
to  the  provisions  of  this  contract. 

(b)  The  Government,  in  cooperation  with  the  County,  will  prepare  a 
mutually  acceptable  General  Design  Memorandum-Phase  II  which  will  depict 
and  Identify  the  types  and  quantities  of  recreation  facilities  which  the 
Government  and  the  County  of  Orange  will  construct  in  accordance  with 
this  contract.  The  presently  estimated  cost  of  facilities  to  be 
provided  is  contained  in  Exhibit  A,  entitled  "Estimated  Recreation  First 
Cost",  attached  hereto  and  made  a  part  hereof.  Such  estimate  of 
facility  cost  is  subject  to  reasonable  adjustment  as  appropriate  upon 
approval  of  the  above  mentioned  Phase  II  -  General  Design  Memorandum. 

(c)  The  facilities  as  shown  in  Exhibit  A,  as  it  may  be  adjusted  in 
accordance  with  paragraph  (b)  above,  shall  be  constructed  jointly  by  the 
parties  through  mutually  satisfactory  division  of  responsibility  for 
construction  that  takes  into  account  direct  and  indirect  cost  savings 
which  may  be  gained  by  the  parties  in  the  public  interest  for  certain 
specific  facilities,  provided ,  that  the  facilities  to  be  constructed  by 
each  party  shall  be  formally  agreed  upon  by  the  two  parties  prior  to 
construction,  consistent  with  the  provisions  of  Article  3. 

(d)  Title  to  all  lands  and  recreation  facilities  constructed  on 
flood  control  project  lands,  shall  at  all  times  be  in  the  County  and  the 
County  shall  not  transfer  title  to  any  non-public  entity.  The  County 
shall,  under  this  agreement,  dedicate  the  land  for  recreation  use. 

(e)  The  performance  of  any  obligation  or  the  expenditure  of  any 
funds  by  the  Government  under  this  contract  is  contingent  upon  Congress 
making  the  necessary  appropriations  and  funds  being  allocated  and  made 
available  for  the  work  required  hereunder. 

ARTICLE  3  -  CONSIDERATION  AND  PAYMENT.  Each  party  hereto  will  pay  or 
contribute  in  kind  fifty  percent  (50K)  of  the  first  costs  of  recreation 
development. 

(a)  Development.  Fifty  percent  (50?)  of  the  estimated  first  costs 
of  recreation  development  is  estimated  to  be  $300,000.  Prior  to  the 
advertisement  of  the  first  construction  contract  hereunder  and  again 
prior  to  the  advertisement  of  each  subsequent  construction  contract 
thereafter,  the  Government  Contracting  Officer  shall  calculate  the 
estimated  expenditures  which  each  party  shall  have  made  up  to  the  time 
of  advertising  of  the  applicable  contract.  If  the  total  estimated 
expenditures  by  the  Government  shall  exceed  those  of  the  County,  the 
County  shall  pay  to  the  Government  such  sum  as  will  equalize  the 
expenditures  of  both  parties,  prior  to  award  of  such  contract.  In 
computing  expenditures,  there  shall  be  considered,  in  addition  to  cash 
expenditures,  contributions  in  kind  such  as  facilities,  at  the  fair 
market  value  thereof  at  the  time  such  land  and  facilities  are  provided, 
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which  value  shall  not  include  enhancement  due  to  the  project.  Upon 
completion  of  recreation  development,  an  adjustment  will  be  made  on  the 
basis  of  actual  costs  incurred.  It  is  understood  and  agreed  that  the 
County's  share  of  the  cost  of  the  construction  shall  be  computed  on  the 
basis  of  actual  costs  to  the  Government  of  the  work  included  in  the 
Government  construction  contract  above  and  on  the  basis  of  unit  prices 
in  the  Government  contract  and  final  quantities  covering  labor, 
materials,  and  equipment  required  for  the  work  under  the  Government 
construction  contract  plus  the  actual  amount,  estimated  at  thirty-one 
percent  (31),  of  the  Government's  costs  for  engineering,  design, 
supervision  and  administration  and  not  on  the  basis  of  prior  estimates. 

(b)  Other  Federal  Funds.  No  payment  credit  of  any  kind  whatsoever 
will  be  allowed  the  County  for  expenditures  financed  by,  involving,  or 
consisting  of,  either  in  whole  or  in  part,  contributions  or  grants  of 
assistance  received  from  any  Federal  agency  in  providing  any  lands  or 
facilities  for  recreation  enhancement  hereunder. 

(c)  Adjustments  to  Reflect  Costs.  The  dollar  amounts  set  forth  in 
this  Article  are  based  upon  the  Government’s  best  estimates,  and  are 
subject  to  adjustments  based  on  the  costs  actually  incurred.  Such 
estimates  are  not  to  be  construed  as  representations  of  the  total 
financial  responsibilities  of  each  of  the  parties. 

ARTICLE  4  -  CONSTRUCTION  AND  OPERATION  OF  ADDITIONAL  FACILITIES. 

Certain  types  of  facilities  including  but  not  necessarily  limited  to 
restaurants,  lodges,  golf  courses,  cabins,  clubhouses,  overnight  or 
vacation-type  structures,  stables,  marinas,  swimming  pools, 
commissaries,  chairlifts,  and  such  similar  revenue-producing  facilities 
may  be  constructed  by  the  City  or  third  parties  and  may  be  operated  by 
the  City  or  by  third  parties  on  a  concession  basis.  Any  such 
construction  and  operation  of  these  types  of  facilities  shall  be 
compatible  with  all  project  purposes  and  shall  be  subject  to  the  prior 
approval  of  the  Contracting  Officer.  However,  the  County  shall  not 
receive  credit  for  costs  of  such  facilities  against  amounts  due  and 
payable  under  Article  3. 

ARTICLE  5  -  FEE  AND  CHARGES.  The  County  may  assess  and  collect  fees  for 
entrance  to  developed  recreation  areas  and  for  use  of  the  project 
facilities  and  areas,  In  accordance  with  a  fee  schedule  mutually  agreed 
to  by  the  parties.  Not  less  often  than  every  five  (5)  years,  the 
parties  will  review  such  schedule  and  upon  the  request  of  either, 
renegotiate  the  schedule.  The  renegotiated  fee  schedule  shall,  upon 
written  agreement  thereto  by  the  parties,  supersede  prior  schedules 
without  the  necessity  of  modifying  this  contractual  document. 

ARTICLE  6  -  FEDERAL  AND  STATE  LAWS. 

(a)  In  acting  under  its  rights  and  obligations  hereunder,  the 
County  agrees  to  comply  with  all  applicable  Federal  and  State  laws  and 
regulations,  including  but  not  limited  to  the  provisions  of  the 
Davis-Bacon  Act  (40  U.S.C.  276  a-a  (7);  the  Contract  Work  Hours  and 
Safety  Standards  Act  (40  U.S.C.  327-333);  and  part  3  of  Title  29,  Code 
of  Federal  Regulations. 
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(b)  The  County  furnishes  Its  assurances  that  It  will  comply  with 
Title  VI  of  the  Civil  Rights  Act  of  1964  (78  Stat.  42  U.S.C.  2000d,  et 
seq)  and  Department  of  Defense  Directive  5500.11  issues  pursuant  thereto 
and  published  in  Part  300  of  Title  32,  Code  of  Federal  Regulations.  The 
County  agrees  also  that  it  will  obtain  such  assurances  from  all  its 
concessionaires . 

(c)  The  County  furnishes  its  assurances  that  it  will  comply  with 
Sections  210  and  305  of  the  Uniform  Relocation  Assistance  and  Real 
Property  Acquisition  Policies  Act  of  1970  (Public  Law  91-646). 

ARTICLE  7  -  OPERATION  AND  MAINTENANCE.  The  County  shall  be  responsible 
for  operation,  maintenance,  and  replacement  without  cost  to  the 
Government,  of  all  facilities  developed  to  support  Project  recreation 
opportunities.  The  City  shall  maintain  all  recreation  project  lands, 
waters  and  facilities  in  a  manner  satisfactory  to  the  Contracting 
Officer. 

ARTICLE  8  -  RELEASE  OF  CLAIMS.  The  Government  and  its  officers  and 
employees  shall  not  be  liable  in  any  manner  to  the  County  for  or  on 
account  of  damage  caused  by  the  development,  operation,  and  maintenance 
of  the  recreation  facilities  of  the  Project.  The  County  hereby  releases 
the  Government  and  agrees  to  hold  it  free  and  harmless  and  to  Indemnify 
it  from  all  damages,  claims,  or  demands  that  may  result  from 
development,  operation,  and  maintenance  of  the  recreation  areas  and 
facilities.  The  County  will  not  be  responsible  for  Corps  negligence  or 
that  of  the  construction  contractor  during  the  time  the  Corps  is 
supervising  such  construction. 

ARTICLE  9  -  TRANSFER  OR  ASSIGNMENT.  The  County  shall  not  transfer  or 
assign  this  contract  nor  any  rights  acquired  thereunder,  nor  grant  any 
interest,  privilege  or  license  whatsoever  in  connection  with  this 
contract  without  prior  approval  of  the  Secretary  of  the  Army  or  his 
authorized  representative  except  as  provided  in  Article  4  of  this 
contract. 

ARTICLE  10  -  DEFAULT.  In  the  event  the  County  fails  to  meet  any  of  its 
obligations  under  this  agreement,  the  Government  may  terminate  the  whole 
or  any  part  of  this  contract.  The  rights  and  remedies  of  the  Government 
provided  in  this  Article  shall  not  be  exclusive  and  are  in  addition  to 
any  other  rights  and  remedies  provided  by  law  or  under  this  contract. 

ARTICLE  11  -  EXAMINATION  OF  RECORDS.  The  Government  and  the  County 
shall  maintain  books,  records,  documents,  and  other  evidence  pertaining 
to  costs  and  expenses  incurred  under  this  contract,  to  the  extent  and  in 
such  detail  as  will  properly  reflect  all  net  costs,  direct  and  indirect, 
of  labor,  materials,  equipment,  supplies,  and  services,  and  other  costs 
and  expenses  of  whatever  nature  involved  therein.  The  Government  and 
the  County  shall  make  available  at  their  offices  at  reasonable  times, 
the  accounting  records  for  inspection  and  audit  by  an  authorized 
representative  of  the  parties  to  this  contract  during  the  period  this 
contract  is  in  effect. 
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ARTICLE  12  -  RELATIONSHIP  OF  PARTIES.  The  parties  to  this  contract  act 
in  an  independent  capacity  in  the  performance  of  their  respective 
functions  under  this  contract  and  neither  party  is  to  be  considered  the 
officer,  agent,  or  employee  of  the  other. 

ARTICLE  13  -  INSPECTION.  The  Government  shall  at  all  times  have  the 
right  to  make  inspections  concerning  the  operation  and  maintenance  of 
the  lands  and  facilities  to  be  provided  hereunder. 

ARTICLE  14  -  OFFICIALS  NOT  TO  BENEFIT.  No  member  or  delegate  to  the 
Congress,  or  Resident  Commissioner,  shall  De  admitted  to  any  share  or 
part  of  tnis  contract,  or  to  any  benefit  that  may  arise  therefrom;  but 
this  provision  shall  not  be  construed  to  extend  to  this  contract  if  made 
with  a  corporation  for  its  general  benefits. 

ARTICLE  15  -  COVENANT  AGAINST  CONTINGENT  FEES.  The  County  warrants  that 
no  person  or  selling  agency  has  been  employed  or  retained  to  solicit  or 
secure  this  contract  upon  agreement  or  understanding  for  a  commission, 
percentage,  broker-age,  or  contingent  fee,  excepting  bona  fide  employees 
or  Dona  fide  established  commercial  or  selling  agencies  maintained  by 
tne  County  for  the  purpose  of  securing  business.  For  breach  or 
violation  of  this  warranty,  the  Government  shall  have  the  right  to  annul 
this  contract  without  liability  or  in  its  discretion  to  add  to  the 
contract  price  or  consideration,  or  otherwise  recover,  the  full  amount 
of  such  commission,  percentage,  brokerage,  or  contingent  fee. 

ARTICLE  16  -  ENVIRONMENTAL  QUALITY. 

(a)  In  furtherance  of  the  purpose  and  policy  of  the  National 
Environmental  Policy  Act  of  1969  (Public  Law  91-190,  42  U.S.C.  4321, 
4331-4335)  and  Executive  Order  11514,  entitled  "Protection  and 
Enhancement  of  Environmental  Quality,"  March  5,  1970  (35  Federal 
Register  4247,  Mar  7,  1970)  the  Government  and  the  County  recognize  the 
importance  of  preservation  and  enhancement  of  the  quality  of  the 
environment  and  the  elimination  of  environmental  pollution.  Actions  by 
either  party  will  occur  after  considerations  of  all  possible  effects 
upon  tne  Project  Environmental  Resources  and  will  incorporate  adequate 
and  appropriate  measures  to  insure  that  the  quality  of  the  environment 
will  not  De  degraded  or  unfavorably  altered. 

(b)  During  construction  and  operation  undertaken  by  either  party, 
specific  actions  will  oe  taken  to  control  environmental  pollution  that 
could  result  from  their  activities  and  to  comply  with  applicable 
Federal,  State  and  local  regulations  concerning  environmental 
pollution.  Particular  attention  should  oe  giv^n  to  (1)  reduction  of  air 
pollution  by  control  of  burning,  minimization  of  dust,  containment  of 
chemical  vapors,  and  control  of  engine  exhaust  gases  and  smoke  from 
temporary  heaters;  (2)  reduction  of  water  pollution  by  control  of 
sanitary  facilities,  storage  of  fuels  and  other  contaminants,  and 
control  of  turbidity  and  siltation  from  erosion;  (3)  minimization  of 
noise  levels;  (4)  on  and  off  site  disposal  of  waste  and  spoil 
activities;  and  (5)  prevention  of  landscape  defacement  and  damage;  and 
(6)  reduction  of  groundwater  mining  through  safe-yield  pumping  of  wells. 
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ARTICLE  17  -  EFFECTIVE  DATE.  This  contract  shall  take  effect  upon 
approval  by  the  Secretary  of  the  Army  or  his  authorized  representative. 


IN  WITNESS  WHEREOF,  the  parties  hereto  have  executed  this  contract 
as  of  the  day  and  year  first  above  written. 

THE  UNITED  STATES  OF  AMERICA  THE  COUNTY  OF  ORANGE 


By  _  By  _ 

Colonel,  Corps  of  Engineers  Chairman, 

District  Engineer  Board  of  Supervisors 

Contracting  Officer 


DATE 


ATTEST : 


APPROVED: 

(Title) 


DATE 


Exhibit  A 

Estimated  Recreation  First  Cost 
Santa  Ana  River  Mainstem,  including 
Santiago  Creek  -  County  of  Orange 
Mainstem  Feature 


Item 

Local 

Federal 

No. 

Description 

Cost 

Cost 

1. 

Bike  Trail 

$158,375 

$158,375 

2. 

Equestrian/Hiking  Trail 

33,100 

33,100 

3. 

Bridge  (10*  x  90') 

32,500 

32,500 

4. 

Signs  (Marker) 

2,262 

2,262 

5. 

Signs  (Entrance/Directional) 

3,000 

3,000 

6. 

Signs  (Traffic  Control) 

1,800 

1,300 

7. 

Gate 

500 

500 

Subtotal 

$231,537 

$231,537 

Contingencies 

33,963 

33,963 

Subtotal 

"265,500 

265,500 

Engineering  and  Design 

18,500 

18,500 

Supervision  and  Administration 

16,000 

16,000 

TOTAL  RECREATION 

$300,000 

$300,000 
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Exhibit  B 


The  undersigned,  as  Chief  Legal  Officer  for  the  County  of  Orange 
approves  tne  foregoing  agreement  as  to  form  and  legality  this  day 

of  19 _ •  I  have  reviewed  the  contract  in  the  light  of  the 

requirements  of  Section  221  of  Public  Law  91-611.  I  further  find  the 
County  of  Orange  is  a  legally  constituted  body  having  full  legal 
authority  to  enter  into  the  foregoing  agreement  and  to  respond  in 
damages  in  the  event  that  it  fails  to  fulfill  its  contractual 
obligations. 
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